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A TKEATISE ON CHEMISTRY. 




OBGANIO CHEMISTRY, 

OR THE CHEMISTRY OP THE HYDROCARBONS AND THEIR 
DERIVATIVES. 

PART II. 

COMPOUNDS CONTAINING DIVALENT 
RADICALS. 

DYAD ALCOHOL RADICALS. 

These compounds differ from the monatomic alcohol radicals 
inasmuch as many exist in the free state. They form a honn)- 
logous series, the first term being ethylene, formerly called 
olefiant gas. For this reason, at Qut*hrie\s suggestion, the 
hydrocarbons having the general formula CnH2u are termed the 
olefiym} 

451 General praperiiea of the Olefines. Th6 lower members of 
this series are, like the lower paraffins, gases at the ordinary tem- 
perature. The next members are volatile liquids, whose boiling- 
points rise regularly with every increment of CHj until the higher 
members are reached ; these are solid bodies, crystallizing at the 
ordinary temperature. The olefines are at once distinguished 
from the paraffins by their reaction with chlorine and bromine, as 
they combine directly with these elements, even in the dark, with 
evolution of heat, to form dichlorides or dibromides, and these 
latter bodies are readily transformed, by double decomposition, 


’ Jmm. Chem. Soc, [1], jui. 109. 



4 


COMPOUNDS CONTAINING DIATOMIC RADICALS. 


into other compounds of the dyad alcohol radicals. For effi^ing 
these conversions methods are used similar to those employed 
for the preparation of the compounds of the monad alcohol 
radicals from- their haloid ethers. ^ 

Attempts to prepare other compounds of dyad radicals 
from the haloid ethers were first made in 1840 by Lowig and 
Weidmann. They acted upon ethylene chloride with potassium 
sulphide and potassium hydrosulphide, obtaining ethylene 
sulphide and cthylepe hydrosulphide,' the true relationships 
of which were however at that time not fully recognised* 

In 1855 Buff,* and at the same time Sonnenschein and 
Meyer,* prepared ethylene thiocyanate, whilst a year afterwards 
Wurtz made the memorable discovery of the existence of ethy- 
lene alcohol (see part i. p. 27). He and several of his pupils 
then showed that this body is the first term of a series of homo- 
logues, and soon made us acquainted with a large number of 
very interesting derivatives. 

The olefines also combine directly with the hydracids of the 
chlorine group. Ethylene and hydriodic acid form ethyl iodide, 
whilst the olefines containing more than two atoms. of carbon 
yield secondary or tertiary haloid ethers, as has already been 
stated (part i. p. 182). Some olefines also combine directly with 
water, with formation of the tertiary alcohols (part i. p. 186). 
Moreover they combine with hypochlorous acid, bodies termed 
chlorhydrates or chlorhydrins being thus formed, such as ethylene 
chlorhydHny CgH^Cl.OH, and these may be considered to be 
monochlorinated alcohols of the monad radicals. The olefines 
likewise combine with nitrogen tetroxide. 

452 Constitution of the Olefims, Owing to the readiness 
with which the olefines undergo direct combination, they have 
been termed non-saturated hydrocarbons, an expression which 
points to the assumption that they contain free combining 
units. This view was formerly accepted by some chemists, 
whilst others adopted the idea that the olefines are saturated 
compounds, but that they contain one atom of carbon which 
acts not as a tetrad but as a dyad. According to a thii*d hypothesis^ 
now generally adopted, two of the carbon atoms in the olefines 
are linked together by two combining units, and this double 
linkage is changed into a single linkage by the action of the 
elements of the chlorine group or their hydracids. According to 

^ Pogg. Ann, xlix. 128. * KekaU, Lehth, i 643. 

* Ann, Chem, I’karm, e. 229. ^ Journ, Prakt, Chem, Ixv. 259. 
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the first of these hypotheses, the simplest olefine, ethylene, 
CgH^, ought to exist in two forms : 


CH3 — CH., 

r I I “ 

ziCH. 

We are however acquainted with only one ethylene, and all 
experiments made for the purpose of obtaining an isomeric 
hydrocarbon have proved abortive.^ That the well known 
body ethylene is not represented by the first of the fibove two 
formulsB, and therefore also that it is not represented by tlie 
formula CH3 — OH, which assumes the existence of a dyad 
carbon atom, is proved by the fact that the above named 
ethylene chlorhydrin yields on oxidation chloracetic acid : 


Ethylene Chlorliydrate. 

CH-Cl 

I 


Chloracetic Acid. 

CH^Cl 


Hence ethylene possesses the constitution assigned to it by 
the second formula, or it contains the two carbon atoms doubly 
linked. 

A further argument against the existence of either free com- 
bining units or dyad carbon is found in the fact that only one 
propylene, C3H3, is known, whilst according to the first of these 
hypotheses the four following are possible : 


CH3 

-CH, 

CH, 

1 

CH., 

1 

— CH 

1 

(Jh, 

r-i 

in, 

1 * 

-CH,, 

1 

Q- 

I 

CH3. 

=:CH. . 


If, on the other hand, we assume that the hydrocarbon contains 
a dyad carbon atom, the atoms can only arrange themselves 
according to the third or fourth forihula. That, however, this 
is not the case follows from the fact that propylene is obtained 
by the withdrawal of the elements of hydriodic acid from both 
primary and secondary propyl iodide, and that consequently on 
the assumption of free combining units, only the first of these 
formulas can explain its constitution. 

Again, whilst we are acquainted with only one ethylene and 

^ ToUens, jinn. Chem. Pharm. czzxTii. 311 ; L. Meyer, ib, cxxzix. 28S ; 
FiBukland and Dobbin, •/bum. Chem, Soc. 1S78, i. 545. 
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one propylene, three butylenes, C 4 Hg, exist, and the assumption 
that the olefines each contain two carbon atoms doubly linked 
stands in complete accordance with this fact, whilst on the 
other hypotheses a larger number of butylenes are possible^^ 
These three butylenes are obtained by removing the elements of 
hydriodic acid from the well known butyl iodides. The normal 
primary iodide yields a butylene different from that obtained 
from the secondary iodide. Both olefines however unite with 
hydriodic acid to form the secondary iodide. A third butylene 
is formed both from isobutyl iodide and from the tertiaiy iodide, 
and it combines with hydriodic acid to form the latter body. 
If we now assume that these olefines contain free combining 
units, their constitution can only be represented by the following 


forinulye : 


Ay a 

CH, 

CHs 

CH, 

OH, 

1 

— CH 

1 

-i-CH, 

1 

— CH 

— CH 

1 

-CH. 

1 

-CH,. 

Q- 



In other words it is proved in this as in all other cases that 
the carbon atoms which arc not saturated with hydrogen arc 
the two neighbouring ones and the simplest, and, therefore, the 
most probable hypothesis is that these two atoms are connected 
togetlier by double linkage. 

When the olefines are oxidized by potassium liohromate and 
dilute sulphuric acid, they decompose in a similar way to the 
secondary or tertiary alcohols, and the division of the molecule, 
except in the case of ethylene, always takes place where the 
iloubic linkage occurs. Potassium x>ermanganat3 in aqueous 
or acid solution acts in a similar way, but at the same time 
bibasic acids arc mainly produced. 

As examples the following may be quoted : 

Propylene. Isobutylene. Propyl-ethylene. 

CHg-CHizCH,. (CHJ.CziGHg. CH3 CH2.CH2.CH1ZCH2. 


Methyl-propyl-ethylene. 

CH3.CH2.CHg.CHz:CH.CHs. 


Ethyl-dimethyl-ethylene. 

CH3.CH3.CHzzC(CH3)2. 


TetFamethyl-etbylene. 

. .(CHs),C-C(CH,) . 
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Of^these, the two first yield on oxidation carbon dioxide, acetic 
acid, and formic acid, isobutylene yielding acetone in addition. 
Propyl-ethylene yields normal butyric acid and formic acid, and 
the fir.^t of these acids is formed together with acetic acid from 
methyl-propyl-ethylene, whilst ethyl-dimethyl-ethylene yields 
propionic acid, and acetone or acetic acid. On the other hand, 
tetramethyl-ethylene yields only the two latter compounds. 

The above examples serve to illustrate the nomenclature of 
the olefines, their names being obtained by the addition of the 
syllable -ene to the name of the corresponding monad radical. 
Another nomenclature which is sometimes adopted is to chango 
the vowel a in the terminal syllable of the paraffin into 
oihcme thus becoming ethmc, &c. As all the olelines may 
be looked upon as derivatives of ethylene, propylene may 
be termed methyl-ethylene, and isobutylene, dimethyl-ethylene. 
This form of nomenclature is especially useful for the distinction 
of isomeric olefines, as the above examples indicate. 

453 Formation of the Olefines. Olefines are formed in several 
ways. They are obtained from the alcohols of the monad radicals 
by the action of dehydrating agents, such as sulphuric acid, 
phosphorus pentoxide, zinc chlonMe, &c. 

The haloid ethers of the alcohol radicals are converted into 
the olefines when they are heated with alcoholic potash : 

+ KOH = C.Hg 4 - KI + }ip. 

The secondary and tertiary compounds readily undergo de- 
composition in this way, some of the latter class even decom- 
posing spontaneously at temperatures considerably above their 
boiling-points. The primary haloid ethers which arc attacked 
by potash with greater difficulty, always yield, together with the 
olefines, a mixed ether, whilst, secondary chlorides yield with 
potassium acetate and glacial acetic acid under prcssiiro, not 
only the acetic ethers but also an olefine (Schorlemmer). The 
haloid ethers are likewise converted into olefines by heating 
with oxide of lead to 220®.^ 

The olefines, moreover, may be prepared synthetically. For 
example, the butylene termed ethyl-ethylene may bo obtained 
by the action of zinc-ethyl on monobrom-ethylene : 

2C2H3Br -i- Zn'C^H^)^ * 2C3H3.C3H, + ZnBr^. 

Allyl iodide, C3H5I, similarly treated yields a iientylcnc, 
CH2Z1CH.CH2.CH2CH3, which is propyl-ethylcnc. 

' Eltekow, Joum, Ruaa. Chem. Oea. p. 89 . 
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The production of the olefines in various preparations of 
the paraffins, as well as by heating the solid paraffins under 
pressure, has already been mentioned (see part i. p. 137). 

The hydrocarbons which are evolved when cast-iron is 
dissolved in dilute acids also contain olefines ; ^ and lastly, 
these bodies are found amongst the products of the destructive 
distillation of many organic compounds, and hence occur in 
coal-gas, coal-tar, wood-tar, &c. 

Zinc chloride or sulphuric acid easily converts the olefines 
into polymeric modifications, and hence when they are prepared 
from the alcohols by means of these bodies, polymeric hydro- 
carbons are generally formed. In this formation a double de- 
composition between the olefine and unattacked alcohol takes 
place.2 Thus, for example, by the action of sulphuric acid on 
trimethyl-carbinol, di-isobutylene and tri-isobutylene are formed: 

C,H« + C,H,oO=:CgH,, + H,0. 

+ C!4HiqO = -f HgO. 

Tlie same products are obtained by heating isobutylene, 
tertiary-butyl iodide, and lime to 100°.® The constitution of 
these and other polymeric olefines will be discussed under their 
several heads. 

454 SiibstiUition-products of the olefines. Inasmuch as the ele- 
ments of the chlorine group unite directly with the olefines, these 
bodies naturally do not directly give rise to substitution-products, 
although such compounds may be obtained indirectly. For 
example, the four atoms of hydrogen in ethylene may be replaced 
successively by chlorine, by combining the olefine with chlorine, 
and then heating the ethylene dichloride with alcoholic potash : 

4- KOH « C2H3CI + KCl + H3O. 

The monochlor-cthylene thus formed again combines with 
chlorine to form monochlor-ethylene dichloride, and this is con- 
verted by alcoholic potash in dichlor-ethylene, and so on. 

455 Glycols. This name is given to the class of diatomic 
alcohols, the first term of which series is ethylene alcohol or glycol, 

(OH) g. This was first obtained in 1856 by Wurtz, a discovery 

- Halm, Ann. Chem. Pharm. cxxix. 67 ; Williams, Sillimau's Amer, Joum, 
[3], vi. 363 ; Cloez, Compt. Bend, Ixxviii. 1665. 

^ Butlerow, Ann, CTiem. Fharm, clxxxix. 47. 

• Lermontow, Ib, exevi. 116. • 
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whicli was soon followed by that of several of its homologues. 
Up to that time, only the alcohols of monad radicals were known, 
with the single exception of glycerin, 03X15(011)3, which, as 
Serthelot had pointed out, is an alcohol of a triad radical. It 
appeared therefore to Wurtz not unlikely that an alcohol might 
exist intermediate between alcohol and glycerin. This was 
borne out by experiment, and the body thus obtained he termed 
glycol, ''pour marquer la double analogic cpii Ics relie la 
glycerine d'une part, k TaJcool de rautre." * 

The glycols may be obtained from the haloid ethers of the 
dyad radicals, in a similar way to that by which the common 
alcohols are obtained from their corresponding ethers. Several 
other modes of preparation will be described hereafter. 

After Wurtz had prepared the four first glycols, he made 
the singular observation that the boiling-points of these bodies, 
in opposition to those of members of the other homologous 
series, do not rise but, on the contrary, diminish for every 
increment of CHj, as follows : 

B.P. 

Ethylene glycol, CgHgOjj 197‘*’5 

Propylene glycol, C3Hg02 188® 

Butylene glycol, 183® 

Amylene glycol, CgHjgOg 177® 


This apparently anomalous fact has since been very satis- 
factorily explained, for the constitution of the above-named 
bodies are, in fact, not analogous. That this is the case is seen 
from the following: 


Ethylene glycol. 

CH .OH 
iilyOH. 


Propylene glycoL 

CH, 


Butylene glycol 

Amylene glycol. 

oh,ch. 

CH,CH, 

CH,OH. 

VoH 

1 

CH.OH 

1 


CH,. 

^ An?^ Chim. Phys, [8], Iv. 402. 
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Ethylene glycol, according to this, is a primary altohol; 
propylene glycol, on the other hand, is a primary-secondary 
compound ; whilst the third alcohol, also termed isobutylene 
alcohol, is a primary-tertiary alcohol ; and amylene glycol is 9, 
secondary-tertiary alcohol. 

The primary alcohol, triinethylene-^lycol, CH2(OH).CH2CH2- 
(OH), isomeric with propylene-glycol boils at 216 ®, from which 
it appears that, in the case of the normal primary glycols, the 
boiling-point rises in exactly the same ratio as it does in the 
case of the corresponding alcohols of the normal series. 

456 PinacoTics. In addition to the foregoing, we are also 
acquainted with glycols which are only secondary, or only 
tertiary, alcohols. The tertiary glycols, which are termed pina- 
co7ies, are easily obtained synthetically from the ketones by 
bringing them in contact with nascent hydrogen, when, of 
course, a part of the ketone passes over into the secondary 
alcohol, a result which may be to a great extent prevented 
by keeping the ketone out of solution. Common acetone yields 
the simplest piiiacone or tetramethyl-ethylene alcohol : 


OIL OH. 


CH, CH3 

\y 


\/ 

CO 

H 

C.OH 


_J_ ~ 

1 

CO 

II 

C.OH 



/\ 

CH3 CH3 


CH3 OH,. 

The glycols yield on 

oxidation, according to their constitu- 

tion, different products. 

Those which arc only primary alco- 

hols, are converted first into monobasic, 
dibasic-acids : 

and afterwards into 

Ethylene Alcohol. 

Oxyacetic Acid. 

Oxalic Acid. 

CH,.OH 

CH,.OH 

CO.OH 

1 

CH3.OH 

CO.OH 

1 

CO.OH. 


Primary-secondary, and primary-tertiary glycols yield, as first- 
produetj a monobasic oxyacid : 

TiOctic Acid, or 

Propylene alcohol. a>Oxypropionic Acid. 

CHg 

c!h.oh in-OH 

(!h,.oh io.oH. 
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Isobutylene Alcohol, 

OHo CH. 

Yoh 

Ahj-OH 


Oxyidobutyric Acid, 

CHj CH- 
VoH 

Ao.oh 


The oxyacids thus obtained are considered in the following 
chapter. 

The secondary glycols yield on oxidation two molecules of a 
fatty acid, wlnlst the tertiaiy alcohols or pinacones arc first 
reconverted into the ketones from which they originated. 

457 Oxides, The first product obtained by the action of hydro- 
chloric acid on a glycol is a chlorhydrin, one of the hydroxyls 
being replaced by chlorine. These compounds which are half 
chlorides and half alcohols, and which, as has been stated, may 
also be obtained by the direct union of the olefines with 
hypochlorous acid, are easily attacked by caustic potash, and 
thus the oxide is formed : 


CH2CI 


+ KOH 


CH 

I >0 4 

ilT ' 


CH, 


KUl + H,0. 


The oxide in the above ease is isomeric with acetaldehyde 
which, as we have seen, may be regarded as the oxide of a dy.ad 
radical ethidene, IzCH.CHy 

The ketones, like the aldehydes, behave in many respects 
like oxides of dyad radicals, and hence in the propylene series 
we have the following four oxides: 


Propylene 

Oxide. 

Triinothylene 

Oxide. 

Propionaldehyde, or 
Propidene Oxide. 

Acetone, or 
Diniethylmethyicne 
Oxide. 

CH, 

CH, 

CH, 

CH, 

1 

1 \ 

1 

r 

OHv 

i 

CH, 0 

1 / 

CH, 

CO 

1 

CH/ 

CH, 

CHO 

CH,. 


It is a remarkable fact that the glycols are not converted into 
the corresponding oxides by the removal from them of the 
elements of water^ but that aldehydes or ketones are thus 
formed. For example, when ethylene glycol is heated with 
zinc chloride, acetaldehyde is formed,' and this is also produced 
when ethylene alcohol is heated with water to 220” — 230“.* 

* Wurtz, Compl, Eend, xlvii. 346 \^nn, Cheir, pharm, cviii. 84. 

^ Nevoid, Compi.. Btnd. Ixxxiii.’’2i28: - 
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Id the case of the glycols richer in carbon the changes takes 
place at a lower temperature, and it is not necessary first 
to prepare the glycols, inasmuch as if the dibromide of the 
olefine be heated with water and oxide of lead to 140° — 150°, 
the glycols which are formed to begin with, decompose in 
various ways according to their constitution.^ Thus compounds 
containing the group - CHBr - CHgBr, form an aldehyde and 
a ketone, the glycol undergoing two distinct decompositions. 

CH- 

I 

CH.OH 

CH2.OH 

OH, 

CH.OH 

I 

OH2.OH 


CH, 


djH, 

ioH 


2 + 


H,0 


CH, 


= io 


HP 


CH,. 


If the group - CBr— CH^Br be present, the aldehyde only 
is formed ; isobutylene dibromide, (CH 3 ) 2 CBr,CH 2 Br, yields 
isobutyl aldehyde (CHg) 2 CH.COH. If the compound contain 
the group — CHBr.CBr.zi or .*z;CBr.CBrzi the ketone only is 
formed. Hence the pinacones decompose very readily into 
water and the ketones, to which the name of pinacolinea is 
given. The formation of the ketones is seen in the following 
equations : 


CH3 CH3 


Yc 


OH 
I 

CH.OH 


h 


H, 


CH, CH, 
^ / 
C.OH 

I 

C.OH 

/\ 

CH,CH, 


CH, CH, 

Y 

I + 

CO 

(!h, 


CH, 


CH, 

d-CHa 

I 

CO 

(iiHy 


H,0 


+ H,0. 


^ Eltekow, Jwm, Chm» Ges. x. 211. 
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4589 Ethereal Salts of the Dyad Radicals, It has already been 
stated that the olefines readily combine with chlorine and 
bromine and, less easily, with iodino to form the haloid ethers, 
amongst which also ethereal salts are known, such as ethylene 
ehloriodide, C2H4CII, obtained by the union of ethylene and 
chlorine moniodido. Haloid ethers of dyad radicals are also 
formed by the action of chlorine or bromine on the chlorides 
or bromides of the monad radicals and these are, therefore, 
the second substitution-products of the paraffins. The com- 
pounds thus obtained are some of them identical with and 
others different from those obtained from the olefines. Thus, 
for instance, ethane yields ethidene chloride, CH3.CHCI2, iso- 
meric with ethylene chloride, but propane yields propylene 
chloride, CH 3 .CHCI.CH 2 CI (Schorlemmer). 

Bodies isomeric with the ethereal haloid salts are formed by 
the action of phosphorus pentachloride or phosphorus bromide 
on the aldehydes and ketones. Acetaldehyde or ethidene oxide 
yields ethidene chloride, and ordinary acetone, or dimethylme- 
thylene oxide yields dimethylmethylene chloride, CH8.CCI2.CH3. 

Other compounds may easily be obtained from the haloid 
ethers by double decomposition. As these reactions are analo- 
gous to those yielded by the haloid ethers of the monad radicals 
it is not necessary to enlarge on this subject here. Only one 
point must be mentioned, namely that the haloid ethers which 
are derived from aldehydes or ketones, cannot be converted 
into alcohols, although they can be converted into ethers or 
ethereal salts. Thus, for instance, aldehyde yields : 

Ethidene Diethyl Oxide. Ethidene Diacetate. 

CH3.CH(0C2H8)2 CH 3 .CH( 0 C 2 H 30)2 ; 

but if we attempt to convert the last named body ifito the 
corresponding alcohol, aldehyde is again formed. It appears, 
however, not unlikely that ethidene alcohol and its homologues 
do exist in aqueous solution ; for if aldehyde be mixed with water 
an evolution of heat, and contraction takes place, facts which 
seem to indicate the occurrence of the following reaction : 

CH, CHO + HjO * CH8.CH(0H)2. 

This is rendered probable by another circumstance, namely 
that the aqueous solution of aldehyde boils higher than the pure 
^compound (see part i. p. 477). As, however, water and aldehyde 
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may be completely separated by fractional distillatiou,«or by 
means of calcium chloride, there is no doubt that ethidene 
alcohol, if it exists at all, must be a very unstable body. 

Although alcohols containing two or more hydroxyls in 
contact with the same carbon atom have not been prepared in 
the pure state, the substitution-products of such compounds are 
known. Of these wo have chloral hydrate, CCl5,OH(OH)2, 
which has already been mentioned, and will hereafter be 
described as trichlorcthidene glycol. 

According to theory the compounds of the dyad radicals are 
more numerous than those of the monad ones, not only because 
in the first place a much larger number of cases of isomerism 
may occur, but also because, in addition to the simple com- 
pounds, that is those which contain two similar atoms or radi- 
cals, a large number of mixed compounds may exist in which 
two different atoms or radicals are present. Several examples 
of this kind have already been, and others will hereafter be, 
mentioned. 


MONOBASIC Acids op the series 

459 It has already been stated that these monobasic acids, 
called the lactic series, from the long well known body lactic acid, 
are obtained by the moderate oxidation of those glycols containing 
an hydroxyl in the primary position. They may be more easily 
and simply obtained by replacing the halogen in the mono- 
substituted fatty acids by hydroxyl, and hence they are also 
termed the hydroxy- or oxy-acuh. Thus for example, glycollic 
or oxyacetic acid is obtained by boiling an aqueous solution of a 
rnonochloracetato with an excess of water : 


CHgCl CH2.OH 

I + H2O « I + HCl. 

COgH COgH 


In a similar way a-monobrompropionic acid is converted into 
lactic acid : 


a-Brompropionic Acid, 

CH3 

AnBr 


Lactic, or a-Oxypropionic Acid. 


CH, 

iaoH 
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Th^ acids of this group may also bo obtained synthetically in 
a variety of ways : 

(1) Their nitrils are formed by the direct combination of an 
^dehydo with hydrocyanic acid, and these are readily decom- 
posed into the oxyacid by heating with a dilute mineral acid. 
Thus from acetaldehyde, lactic is prepared : 




CH3 

CH3 


1 

1 + 

HCN 

= CH.OH 

CHO 


1 



ON. 

CH. 

1 * 


CH. 

1 * 

CH.OH + 

2HjO + 

HCl = CH.OH 

1 

ON 


1 

CO.OH. 


+ NH,Cl 


* (2) The ketones behave in an exactly similar way to 
the aldehydes. Thus acetone yields oxyisobutyric acid, 
(CH 3 ) 2 C( 0 H)C 02 H, and this may also be easily obtained from 
monobrom-isobutyric' acid. 

(3) The nitrils of the oxyacids are also formed by heating the 
chlorhydrin with potassium cyanide. Ethylene chlorhydrin thus 
yields a nitril from which ethylene lactic acid can be obtained, a 
body isomeric with ordinary lactic acid or ethidenc lactic acid : 

Ethylene Cyanhydrate. Ethylene Lnctie Acid. 

CHo-OH 

(!«■ 


cirg-OH 






N CO.OH. 

(4) Ethereal salts of the oxyac*ids are also formed when a 
normal ether of oxalic acid is treated with the zinc-compound of 
an alcohol-radical, or heated with zinc and the corresponding 
iodide^ the product of the reaction being treated with water.' 
Thus for example the methyl ether of oxyisobutyric acid is 
obtained by the following reactions : 

CH 3 CH 3 

CO.OCH3 \ / 

(a) I + ZnCCHj). = CO.ZnOCH3 

CO.OCH3 I 

CO.OCH3. 

• > Fmnkland and Dappa, Proe. Roy. Soc. xiii. 140. 
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CH. OH. CHj CH, . 

\/ \/ 

(b) CO.ZnOCH, +. SH^O = CO.H + HO.CHg + Zn(OH)s, 

dlO.OCHj do.OCHg 

The oxyacids are at once alcohols and monobasic acids, and 
therefore exhibit the properties of both groups. When they 
are heated with the hydracids of the chlorine ..group their haloid 
ethers or monosubstituted fatty acids are formed ; 


CH2.OH, 

iogH 


HBr 


CHgBr 

io,H ^ 


This reaction is in exact correspondence to that which occurs 
by the action of hydrobromic acid on alcohols. The moniodo- 
acids, formed in an analogous way, are reduced to fatty acids if 
a sufficient quantity of hydriodic acid be present : 


CHJ 

I + HI 
COgH 


CHj 

(iogH 




If lactic acid be heated with ethyl alcohol, ethyl lactate is 
obtained, a neutral liquid which is also an alcohol, and there- 
fore contains one atom of hydrogen replaceable by sodium. 
If the sodium compound be treated with ethyl iodide diethyl 
lactate is formed, a neutral liquid which is decomposed 
by caustic potash with formation of potassium ethyl-lactate. 
From this salt ethyl-lactic acid itself can be obtained and this 
is isomeric with ethyl lactate, but differs from it widely, in- 
asmuch as it is as powerful an acid as lactic acid itself. The 
constitution of these ethers and compound ethers is shown in the 
following formulae ; 


Ethyl Lactate. 

Diethyl Lactate. 

Ethyl Lactic Acid. 

CH3 
. 1 ® 

CH. 

1 ® 

CHg 

CH.OH 

1 

CH.OCjH, 

CH.OCjH5 

CO.OCsHg 

.Ao.OCjHj 

io.OH. 


As the acids of this group are at once alcohols and acids, 
they may unite with themselves to form ethers, two molecules 
acting upon one another, one acting os the acid and the othei^ 
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as alcohol. On heating lactic acid the following reaction 
takes place : 

CHj CH, 

tn-OH 

io.( ^ 


.OH 


CO.QH 

iaoH 

in. 


Ah.o.co 
cIjO.OH taOH 

ck. 


+ HjO 


The body thus obtained, is at once an ethereal salt, an alco* 
hoi and an acid, and on further heating, gives up water and is 
converted into a compound which is only an ethereal salt : 

CH3 


CH3 

ijH.O.CO 
ib.oH tao H 


i: 


A: 




H.0.C0 
CO.O.(Jh 

(k. 


HjO 


Concentrated nitric acid acts upon the oxyacids in a similar 
way as upon the alcohols, a nitric ether being formed. Lactic 
acid thus yields so-called nitro-lactic acid : 


CH, 
H.NO3 

O.OH. 


i: 


Heated with phosphorus pentachloride two hydroxyls of the 
acid are replaced by chlorine, compounds being formed which are 
at once alcoholic chlorides and acid chlorides. From lactic acid 
lactyl chloride, CH3.OHCl.COCl, is obtained which on treatnient 
with water is decomposed into hydrochloric acid and a-chlor- 
propionic acid. 

460 Tht Amido-acids are formed by the action of ammonia 
on the monosubstituted fatty acids. Thus chlorpropionic acid 
is converted into amidacetic acid : 


CHjCJ 

u 


ic 


-1- NH, - I + HCl. 

>sH COj^ 

This reaction is anatogous to that of the formation of the 
.amines from the haloid ethers, and as in that case so also in this 
VOL. ni. 'K . c* 
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the reaction easily passes beyond this point, diglycolamidij; and 
triglycolamidic acids being formed together with glycolamidic 
acid. 

The amido-acids are perfectly neutral. They combine, how- 
ever, like the compound ammonias, with acids, and, at the same 
time, contain one atom of hydrogen capable of replacement by 
a metal. As these acids are at the same time bases they may 
more properly be considered as being ammonium salts, and the 
constitution of the amido-acids may, therefore, be represented 
by the following formulae : 

CH2.NH3 CH^(NB^O.GO 

io.i io.ocNHjoi’H,. 

The latter of these appears to be the more probable, as amido- 
acetic acid forms two salts with hydrochloric acid, whose consti- 
tution is most simply represented by the following : 

CH2.NH3CI CHgCNHa) .0 CO 

io.OH io.OH (ClNHj)i3Hj. 

Metals which form powerful bases yield salts which have an 
alkaline reaction as they are at the same time amines ; thus, for 
example, potassium amido-acetate, CH2(NH2)C02K. 

The amido-acids also form compounds with salts, constituting 
a peculiar class of double salts, such as : 

CH2.NH3NO3 

io.OK. 

461 Amides of the OxyaxAds, These bodies are isomeric with 
the amido-acids and are obtained in a similar way as the corre- 
sponding compounds of the fatty acid series. They act as weak 
bases but at the same time also as alcohols. If, on the other 
hand, the hydroxyl be replaced by the amido group, powerful 
bases are formed. Hence glycollic acid yields the following 
amido compounds : 

Di^lvoolamide, or 
Amido-acetanildo. 

CH2.NH2 

CO.NH,. 


Glycolamide, 
or Ozyacetamide. 

CHyOH 

io.NH,. 
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Tb# above examples suiBco to show the double character of 
the oxyacids. They are at once monobasic acids and alcohols. 
Like the latter they may be divided into primary, secondary, and 
tertiary compounds, and on oxidation they comport themselves 
exactly in a similar way to the corresponding simple alcohols. 

It may also be mentioned that the aldehydes of these acids are 
known, as also aldehydic acids and ketonic acids, those being 
monobasic acids which at the same time arc aldehydes or ketones. 
These will be mentioned under the special headings. 


DIBASIC ACIDS OF THE SERIES CnH2„.204. 

462 These acids contain the carboxyl group twice, and hence 
they are related to the primary glycols as the fatty acids arc to 
the primary alcohols. They are therefore formed by oxidation of 
these glycols as well as of those oxyacids in which the alcoholic 
hydroxyl is contained in the primary position : 

Ethyleno glycol. Glvcollic Acid. Oxalic Acid. 

CH 2 .OH CHj.OH CO.OH 

ijHyOH. to.OH. io.OH. 

They can be prepared synthetically by a variety of methods. 

(1) Their nitrils are formed when the haloid ethers of the 
olefines are heated with potassium cyanide. By the action of 
caustic potash or a mineral acid on these, the homologous acids 
are obtained of the series of which oxalic acid is the first term. 

Ethylene can thus be easily converted into succinic acid : 


Succino-nitril. 

Succinic Acid. 

CN 

1 

CO.OH 

1 

CH. 

CH, 

1 + 4H,0 

= 1 + ! 

ca 

OH* 

ijN 

do.ori. 


When a solution of the potasium salt of succinic acid is 
electrolysed, ethylene, carbon dioxide, and water arc formed : 

. - C,H, + 2CO, + H*. 

* C* 2 
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The higher homologues are decomposed in an analogous way, 
the corresponding olefines being produced. 

( 2 ) The halogen in the monosubstituted fatty acids may be 
replaced by cyanogen, compounds being formed which are 
once monobasic acids and nitrils, and these may be converted, by 
well known reactions, into the dibasic acids : 


a-Brompropionic Acid. 

OH3 

insr 

io„H. 


a-Cyanpropionic Acid. Iso-succinic Acid. 


CH, 


CH. 


Ah.on 

Ao,h. 


A 

Ao, 


CttCOgH 




( 3 ) The dibasic acids may also be obtained from the simple 
iodatcd fatty acids by heating with finely divided silver : 


/3-Iodx)ropioiiic Acid. 

C( 

i. 


COjH 


)H, 


CH,I 
CHJ 


Adipic Acid. 

CO,H 


2 Ag = 


H. 


i 

Ao,h 


3 H* 

H* 

H, 


+ 2 AgI. 


COgH 


a-Brompropionic acid is converted by the same reaction into 
dimethyl-succinic ^id, C03H.CH(CH3).0H(CH3).C03H. 

( 4 ) The synthetic preparation of these acids by means of the 
aceto-acetic ether reaction is of special importance, being 
capable, as the following examples show, of general applicability. 
By the action of ethyl chlorcarbonate on sodium aceto-acetic 
ether, cLceto-malonic ether is obtained : 


CH. 

io 

AflNa 

Ao, 


Cl.COyC,H6 


CH3 

Ac 




Ao,.c,h, 


+ NaCL 


If ethyl monochloracetate be employed, the homologous 
aeeto-meeinic ether is produced ; and the ethyl ether pf 
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a-bii»mpropionic acid yields the acetic ether of pyrotartaric aciti 
or methyl-mccinic acid. This latter ether is also obtained from 
sodium-methyl-aceto-acetic ether and ethyl chloracetate as well 
when one atom of liydrogen in aceto-succinic ether is replaced 
by sodium and the compound thus obtained treated with methyl 
iodide. 

Concentrated potash decomposes these ethers in a similar way 
to aceto-acetic ether : 

CO.OC,H, 

I + 3KOH 

CH.CO.CH 3 

io.OOjHg 


CO. OK 

Ahj 

= I + CH3.co.OK + 2HO.C4H6. 
CH* 

io.OK 


Diluted caustic potash or baryta-water on tho other hand 
chiefly yields a ketonic acid : 

CH3 CH3 


CO CO 

Ah— CO.OCjHg + 3 KOH = Ahj + COCOK)^ + 2HO.C3H3 

Ah, Ah, 


C0.0C4H, 


CO.OK. 


In this way Methyl^-ketom-propUmic Acid, or a-Acctopropionic 
cLcid, is produced. 

(5) A no less important method is that in which malonic add, 
CH2(C02H)2, is the starting point.^ If the ethyl ether of this 
acid be treated with a solution of sodium ethylate, sodium- 
imlonio ether^ CHNa(C02C2H3)2, is obtained, and in this the 
metal may easily be replaced by an alcohol radical when 
presented! in the form of iodide : 

CO.OC2H5 CO.OC2H3 

Amfa + ICH,.CH, = Ah.CH,.CH., (- Nal. 
Ao.OCjH, Jo.OCgHj 


Conrad, Ann, Chtm, Phamn, cciv. 127. 
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One atom of hydrogen in the ethyl-malonic ether thus formed 
can again he replaced by sodium, and the latter by an alcohol 
radical. If ethyl be again introduced, the ethyl ether of diethyl 
malonic acid is formed, an acid having the following constitution ^ 

CO.OH 

CH3.CH2.(J.CH2.CH3. 

io.OH 

The salts and the free acid can readily, he obtained from the 
ethyl ether. 

The acids of the oxalic series, as they are named from their 
first term, can be prepared in many other ways, as by oxidizing 
the olefines with permanganic acid, when to begin with the 
fatty acids are formed, and then the methyl group converted 
into carboxyl. 

They are also obtained by oxidizing fatty acids with nitric 
acid, and, therefore, may be obtained from the monatomic alco- 
hols and fats. Thus butyric acid yields succinic acid. In the case 
of the higher members of the series, the dibasic acid is easily 
further oxidized into one or more of its lower homologues. 

The acids of the series CnH2n-202 and CnH 2 n -402 are also 
converted by nitric acid into dibasic acids. 

The acids of this group are solid at the ordinary temperature, 
more or less soluble in water, and when pure they crystallize 
well. At a higher temperature they decompose. Those which 
contain the two carboxyls connected with two different carbon 
atoms are resolved into an anhydride and water ; thus succinic 
acid yields succinic anhydride : 

CH 2 .GO.OH CH2.C0^ 

I = I \o + H,0. 

CH,.CO.OH CHyCO/ 

Oxalic acid is an exception to this rule, as it, on heating, partly 
sublimes os unaltered acid and is partly decomposed into formic 
acid and carbon dioxide. An analogous decomposition occurs in 
the case of all the homologues, such as malonic acid, isosuccinic 
acid, &c., in which the carboxyls are linked to one carbon atom : 

CO,H 

CH, = 

I 

CO.II 
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CH. 

I 

CH— CO,H 

I 

CO^H 


CH3 

Ah, + CO, 

I 

CO,H 


It is unnecessary to mention in detail the other chemical 
reactions of these acids. Being dibasic they form two series of 
ethers and of amido-compounds, as well as other compounds both 
simple and mixed. The following serve to illustrate this : 


Ethyl 

Oxalato. 


CO.OCgHg 

io.OCjH, 


Ethyl-oxalio 

Acid. 


CO.OH 

Ao.oc,h, 


Ethvl-oxalyl 

Chloride. 


COCl 

Ao.oc,h, 


Succinamido. 




/CO.NH, 

\COJSH, 


Saccinamic Acid. 

p „ /CO.OH 
’^»^4\cO.NH, 


Succinimido. 

CA<g8>NH. 


In each of the normal acids of this series, the melting, 
point decreases with every increase of CHg when the body 
contains an even number of carbon atoms. In the case of those 
containing uneven numbers, on the other hand, the melting- 
point of the acids increases with the increment CH^, but it 
always remains lower than that of the acid next following which 
contains an even number of carbon atoms : 




M.P. 

Succinic acid. 


180' 

Glutanic acid. 

C,H,0, 

97 

Adipic acid, 

CaH,oO, 

148 

a-Fimelic acid. 


100 

Suberic acid. 

C,H„0, 

130 

a-Azelaic acid. 


117 

Scbacic acid. 

€.oHwO, 

127 

Brassic acid, 

CuH«,0. 

108 


It has however not yet been ascertained whether the two last 
named acids belong to the normal series. 
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THE METHYLENE COMPOUNDS. 

463 Tho radical methylene or methenc, CH 2 , appears incapable 
of existing in the free state. Various chemists have endeavoured 
to prepare it, but in vain. Perrot passed methyl chloride 
through a ’ red-hot tube and obtained hydrochloric acid and 
ethylene together with other products.^ Butlerow has moreovo?' 
shown that it is not produced by the action of sodium or potas- 
sium on methylene iodide (di-iodomethane),® for on heating 
this latter compound with copper and water to 100® he obtained 
carbon monoxide, carbon dioxide, marsh gas, and ethylene, with 
some of its higher homologues.® 

Hence it would appear that methylene in the nascent state 
combines with itself forming chiefly ethylene or dimethylene. 
This fact is a further confirmation of the conclusion that the 
hydrocarbons contain neither a dyad atom of carbon nor free 
combining units (see p. 5), 

Although, however, the free radical methylene is unknown, 
many of its compounds have been prepared, of which some, 
such as the haloid others, &c., have alroaily been described, being 
formed by the replacement of two atoms of hydrogen in methane 
by the elements of the chlorine group or by radicals (see 
part i. p. 253). 

The oxide of methylene is formyl aldehyde, and,^ as has 
been stated, its aqueous solution probably contains methyl 
glycol, CH( 0 H) 2 , a body not known in the free state, and 
probably not capable of a separate existence (pai't i. p. 268). 

. Of the other methyl compounds the following may be 
mentioned ; 

Methylene. Dimethyl Eilu^r^ox MeJthylal^ CH 2 (OCH 3 ) 2 , is formed 
together with formic acid and methyl formate, when wood-spirit 
is oxidized with manganese dioxide and dilute sulphuric acid.^ 

' Ann. Cfhtvt. Phifs. [S], xlix. 94 ; Ann, Chein, Pharni, ci. 376. 

- Ann. Chem, Pharm. cxi. 250. * lb. vxx, 356. 

* Malngiiti, Ann. Chim. Pbf/ft, [2], Ixx. 890 ; Ann. Chem, Pharni, xxxii. 65. * 



THE METHYLENE COMPOUNDS. 


25 


In ordbr to explain the formation of this body, we may assume 
that the methyl alcohol is first oxidized to methylene glycol, and 
that this is then acted upon by the excess of wood-spirit as 
fellows : 

CH, { gg + 2HO.CH3 = CH, I ggg» 4 2H,0. 


Methylal is an aromatic smelling liquid boiling at 42°, and 
having at 18° a specific gravity of 0*855, that of its vapour 
being 2*625. It dissolves in three parts of water, and is con- 
verted, on further oxidation, into formic acid. 

Methylene Thiocyanate, CH2(SCN)jj, is formed by heating 
alcoholic solutions of methylene iodide and potassium thiocyanate. 
It crystallizes in fine prisms melting at 102°, and scarcely soluble 
in cold, though tolerably soluble in boiling water, and im- 
parting to steam a pungent smell, the vapours acting violently 
on the mucous membrane. Nitric acid oxidizes it to methylene 
disulphonic acid (see part i. p. 264). 

Methylene Acetate, CHgCOC^HaO)^, is formed by heating 
methylene iodide with silver acetate. It is an oily liquid 
boiling about 170°, and having a strong aromatic pungent taste 
,^id smell. When heated with water to 100° it is converted into 
hcetic acid and paraformaldehyde.^ 

Methylene Aceto-methyUOxide, CHg | qq j [ O’ Monochlor- 

inated methyl oxide may be regarded as the methyl ether of tlie 
unknown methylene chlorhydrin. It is easily decomposed by 
potassium acetate as follows ; 


CH, { 4 KO.C^H,© = CH, | 4 KOI. 


The acetate thus obtained is a liquid boiling at 117° — 118°.*-* 

f Cl 

Methylene A(xtochloride,ot Methylene Uhloracctin,Cil^-l qq q 

is the first product of the action of chlorine on methyl acetate. 
It is a mobile liquid possessing a sutTocating pungent smell, and 
a burning taste. It boils at 115° — 116°, and at 14° has aspcdfic 
gravity of 1*1053, and is converted on heating with sodium 
acetate into methylene acetate.^ 


' Butlerow, Ann, Cham, Pharm, evii. Ill ; cxi. 245. 
^ Friedc], Cknnpi. Pend, Ixxxiv. 247. 

* Henry, Per. DeuUeh, Chem, Oea, vi. 7S0. 



2G 


THE METHYLENE COMPOUNDH 


464 Hexmethylenaminey (CHjj)gN4, was prepared by -Butterow * 
by acting with dry ammonia on paraformaldehyde. It is also 
formed in an analogous way from monochlormethyl oxide and 
other methylene compounds. It is easily soluble in water, and 
with difficulty in cold alcohol, crystallizing from hot saturated 
solution in glistening rhombohedrons or short prisms which 
begin to sublime at 100^, evolving an unpleasant smell like 
mice and salt-fish. Hexmethylenamine has an alkaline re- 
action and is a monacid amine. Its salts crystallize in long 
needles and yield the compound (OeHi2N4,ClH)2PtCl4 with 
platinum chloiide, which is almost insoluble in water. Hex- 
methylenamine is formed by the replacement in two molecules 
of parafornjaldcliyde or trioxymethylene of six atoms of oxygen 
by four atoms of nitrogen. It has, therefore, probably the 
following constitution : 



CII2 CH2 CHg 


/ \ 

CH2 OH- 
N N 



By the action of ethylamine on methylene oxide a base is 
formed having the composition N2(CH2)2(C2H5)2 or 
(CgHg)^. It is an oily liquid whose salts do not crystallize, and 
even the platinichloride which has the composition 2N2(CH2)2 
(C.2Hg)2HCl+PtCl4, is uncrystallizable. 

If methylene iodide be heated with triethylamine to 100® an 
iodide, N (C2H5)3(CHj,I)I, is formed, crystallizing in fine tetragonal 
tables. Tliat the compound has the above constitution is proved 
by tlio fact that silver acetate only removes one half of the iodine. 
When its solution is treated with silver chloride, and platinic 
chloride added to the evaporated liquid, the tolerably soluble 
salt .2N(C2Hg)3(CH2l)Cl + PtCl4 is formed, crystallizing in 
splendid octohedrons. The free base is not known.^ 

1 Ann, Chcm, Pharm. cxv. 322 ; Hofuiniin, Per. DeiUsch, Chem. Oes. iL 153. 

^ Julie Ijcrniontoff, Bcr, Deutach. Chemm Ges, vii. 1252. < 
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THE ETHYLENE COMPOUNDS. 

ETHYLENE, C 2 H,. 

465 Becher appears to have been the first to observe that a 
combustible vapour is given off by the action of sulphuric acid 
upon alcohol. In his Physica sulderranea he says: '^Evidens dc- 
monstratio ignis est in spiritu vini et olco vitrioli, utroque prole 
rectificato. Quam primum enim confundnntur, ignem concipiunt, 
qui vase dbUriLcto extinguitiir, aperto rarsus incciulitur** 

These remarks can only apply to a combustible gas, or to the 
vapour of ether ; and, although he docs not mention it, there can 
be little doubt that there was a flame in the neighbourhood. 

The next information we possess concerning a combustible 
gas produced in this way, is given by Iiigenhouss,^ who states 
that ho saw such a gas evolved in the house of a certain Endc 
in Amsterdam. It was then considered to be identical with the 
so-called inflammable air, and was thought to be a good kind of 
this air, because when burnt with ordinary air it exploded so 
violently. This view was held by Deiinann and Pacts van 
Troostwyk in 1781, who together with Bondt and Lauwerenburgh 
examined the properties of this gas more thoroughly in 1795. 
They showed that it consists only of carbon and hydrogen and 
approximately determined its specific gravity.* They found that 
it unites with chlorine, yielding an oily compound, and they 
named it gashuiUuXj a designation which was afterwards changed 
by Fbur^roy to olefiant gas. 

That this body is a substance differing from marsh gas, was 
first shown by W. Henry of Manchester, and his view was 
soon supported by the investigations of Dalton, Humphry 
Davy, Berzelius, and others. 

' Priestley, OhterveUiona and ExperimenU lUUUiny to Varioujf Brancheo of 
Natural Philosophy^ I 1779. 

* CreH Ann, 1795, 2, 195, 310 and 430. 
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As these two were the only hydrocarbons known at thal; time 
they were distinguished as light and heavy carharetted hydrogen^ 
whilst Berzelius gave to the latter the name of Elayl, as it plays 
the part of a compound radical. , 

It has already been stated in the introduction to the organic 
portion of this treatise that for some time a belief prevailed that 
the laws of combination in constant and multiple proportion do 
not hold good in the case of organic compounds, and hence it 
appears remarkable that it was by the investigation of the com- 
position of two organic bodies, namely marsh gas and olefiant 
gas, that Dalton was led to the establishment of these very 
laws, and thence to his atomic thcor 5 \ 

The four Dutch chemists above named prepared ethylene by 
heating strong alcohol with three to four parts of sulphuric acid. 
In this case, a tolerably pure gas is evolved to begin with, mixed, 
however, with the vapour of alcohol and ether, which impurities 
can be removed by passing the gas through concentrated 
sulphuric acid.^ It may also contain carbon dioxide mixed with 
it, and this may be easily removed by caustic potash. At a 
later period of the decomposition sulphur dioxide and carbon 
monoxide, 2 and probably also marsh gas,® are given off, the black 
mass frothing strongly and passing out of the flask. In order to 
prevent this, at Wohler's ^ suggestion, sand is added to the liquid 
until a thick pasty mass is obtained, but this leaves a hard residue 
which cannot be removed from the vessel without breaking it. 
To avoid this, and to obtain a pure gas, many other suggestions 
have been made. Thus some time ago Magnus ® suggested that 
one part of spirit of wine and sixteen parts of sulphuric acid 
should be heated, and as soon as the mass becomes black a 
further addition of alcohol should gradually be made. According 
to Mitscherlich ® a mixture of three parts of water and ten parts 
of sulphuric acid is heated to its boiling point, which lies about 
IGO® — 165®, and the vapour of eighty per cent, alcohol led in at 
this temperature. The gas, which is then quietly evolved, only 
contains as impurities the vapours of water, alcohol, and ether. 

The method now generally adopted is that suggested by Er- 
lenmeyer and Bunte,^ or rather the improved process suggested 
afterwards by Erlenmeyer.® A mixture of 25 grams of alcohol 

' Liebig, Ann. Pharni. xiv. 150. 

- Vogel, Joum. Prakt. Ohem. xxv 800. 

^ Faraday, Bibl. Univ, lix. 114. ^ Ann. Chem. Pharm. xci. 127. 

® Pogg. Ann. xlvii. 524. " Ann. Chim. Phya. [3], vii 12. 

" Ann. Chem. Pharm, clxviii. 64. Ib. cxcii 244. • 
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and 130 grams of sulphuric acid is brought into a flask (Fig. 99 ) 
of two to three liters capacity, and this heated until a rapid 
evolution of gas occurs, and at this point a mixture of one part 
of alcohol and two parts of sulphuric acid is allowed to drop 
in, the gas which is evolved being washed through sulphuric acid 
and then through caustic soda. 

Gladstone and Tribe found that when their copper-zinc couple 
is brought in contact with ethylene bromide and water, pure 
ethylene is given off, and in presence of alcohol this reaction is 
brought about by zinc alone.^ This last reaction may be used 



Fig. 99. 


for lecture purposes for the quick preparation of small quantities 
of ethylene, but the decomposition must be assisted by heat.* 

It has already been stated that ethylene is formed, together 
with its homologues, in the dry distillation of many organic 
bodies, and coal gas contains on an average from four to five 
per cent. 

The formation of ethylene, according to a method pointed out 
by Tollens, viz. that of heating ethidene chloride, CHyCHClg, 

' Joum* 80 c, 1874, 406, ^ r% * % ix 

a Sabanejew, Jmm, Rusa. Cheiti, Oe$ ix. 33 ; Ber, DeiOach. Cham, ues, ix. 

•1810. 
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with sodium, is of interest. And its production from acetylene, 
CgHg, a body which can itself be obtained by direct union of 
its elements, is of importance as being the first step in the 
synthesis of alcohol. Acetylene combines with nascent hydro- 
gen to form ethylene, and this latter is ako formed wlien 
di-iodmethane is treated with water and copper, or methyl 
chloride passed through a red-hot tube, 

466 Properties, Ethylene is a colourless gas, possessing a faint 
but peculiar and rather suffocating odour and having a specific 
gravity of 0'9709 (Th. Thomson). It may be condensed to a liquid 
either by means of pressure or by cooling it down to— 11 0 ** in 
a mixture of ether and solid carbon dioxide. Faraday deter- 
mined the tension of this liquid, but did not always obtain 
constant results inasmuch as his different preparations of 
ethylene were not perfectly free from marsh gas.^ Its solubility 
in water is represented by the following : ^ 

c = 0-25G92 - 0 00913G31t + O OOOlSSlOSt^. 

Alcohol, of specific gravity 0*792 at 20®, dissolves it as 
follows : 

c = 3*59498 - 0 057716t + 0 000G812t-. 

Ethylene is easily inflammable, burning with a very luminous 
flame. With air or oxygen it forms an explosive mixture, the 
action being, of course, most powerful when three volumes of 
oxygen are present to one volume of the gas. If ethylene be 
brought in contact with strongly ozonized oxygen, a spontaneous 
detonation takes place. In order to exhibit this fact safely, a 
current of the hydrocarbon is led through a tube 10 mm. in 
diameter whilst ozonized air is allowed to pass through a narrow 
tube which passes to the depth of 1 cm. inside the wide one. 
Each bubble produces an explosion which is usually accompanied 
by the formation of a white vapour.® Fuming nitric acid easily 
oxidizes ethylene to oxalic acid. Chromic acid solution converts 
it at once into aldehyde,^ the ethylene first combining with water 
to form ethyl alcohol, and this undergoing oxidation. The process 
may be carried on further, acetic acid, and oxalic acid, together 
with carbon dioxide and formic acid, being produced.® Concen- 

1 Loc, eit, ^ Bunsen, Gasoynctry, 150, 152. 

> Houzeau and Renard, Compt. Rend, Ixzvi. 572. 

^ Berthelot, Compt, Rend, Ixyiii. 334 ; Ann,'Chem, Pharm, cl. 373. 

* O. and F. Zeidlcr, Ann, Chem, Phann, cxcvii. 24G. • 
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trated* sulphuric acid absorbs ethyleiio with forraatioa of ethyl 
sulphuric acid (Faraday, Hennel ; see part i. p. 296), combination 
taking place quickly if the two bodies be shaken together, and 
sjill more easily if the ethylene is passed into sulphuric acid 
heated to 160"— 170" ^ 

Ethylene combines with chlorsulphonic acid to form ethyl 
chlorosulphate. If it be heated for some time with hydriodic 
or hydrobromic acid to 100 ", the corresponding ethyl-haloid 
ether is formed, but no combination takes place under these 
circumstances with hydrochloric acid.^ 

Ethylene also combines with hydrogen, in the presence of 
platinum black, to form ethane.® 

467 Ethylene Boron Fluoride, is formed when a mix- 

ture of ethylene and boron fluoride, warmed to a tcmpcrjiture of 
25" — 30°, is exposed to sunlight. It is a fuming liquid which 
boils at 124° — 125", and at 23° has a specific gravity of 1*0478. 
It burns with a fine green flame and decomposes on contact with 
water into boric acid and a volatile pleasantly smelling liquid, 
boiling between 10 ° and 15", and burning with a bright green 
flame. This is probably ethyl fluoride.^ 

The existence of ethylene boron fluoride is a further proof 
that in certain compounds boron can act as a pentad element 
(part i. p. 448). 

Ethylene FerrmL^ Chloride, C 2 H 4 FeCl 2 + 2 H 20 , is formed when .an 
ethereal solution of ferric chloride is heated for some hours to 
140° — 150", and the compound is more easily obtained if, at the 
same time, a solution of phosphonis in bisulphide of carbon is 
added. It forms flat colourless scales or prisms which arc e^isily 
soluble in water.® 

The corresponding bromide, CgH^FeBrg-f 2 H. 2 O, is produced by 
passing ethylene in the suidight into a concentrated aqueous 
solution of ferrous bromide, when pale green very deliquescent 
crystals are deposited.® 

Ethylene Platinous Chloride, CgH^PtClg, was discovered by 
Zeise ^ in 1831, and termed inflammiablo chloride of platinum. 
It is obtained by boiling alcohol with platinic chloride .and 

' Berthelot, Ann, Chim, Phyn, [3], xliil 385. 

* Berfchelot, Campt, Bend, xliv. 1350 ; 1. 012 ; Ann, Chem, Pharm, civ. 184 ; 
cxv. 114. 

* Wilde, Ber, Deutack, Chem, Oca, vii. 354. 

^ Landolph, Ber, Deutack, Chem, Oea, xii. 1.586. 

* Kachler, Ber, Deutack, Chem, Oea. ii. 510. 

* Chojnacki, Zeifatk, Chem, 1870, 420, 

, " Zeise, Pogg, Ann, xxi. 497, 542 ; xl. 234. 
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evaporating in a jacuum. Its formation, leaving out t^e 
products, is shown in the following equation (Bimbaum) : 

PtCl, + 2 C 2 HeO = CgH^tCla + C^H^O + H 3 O + 

It is also formed when ethylene is passed through 
chloric acid solution of platinous chloride.^ • 

It is a light lemon yellow powder difficultly soluble in 
when heated it bums rapidly. When warmed \vith an excess of 
caustic potash it is converted into a black powder which when 
dry explodes on heating. From its solution and that of its double 
salts, ammonia precipitates a bright yellow unstable compound, 
consisting of CgH^PtClg, NH 3 , which unites with hydrochloric 
acid to form ethyl platinous ammonium chloride or detonating 
chloride of platinum, CgH^PtCl^, NH^Cl-hHgO, a body crystalliz- 
ing from water in lemon-yellow oblique rhombic prisms and 
obtained easily by the direct combination of sal* ammoniac with 
ethylene platinous chloride. This substance serves for the pre- 
paration of ethylene platinous chloride in the pure state. For ^ 
this purpose a concentrated solution of platinic chloride is added 
to a concentrated solution of ethyleiie platinous ammonium 
chloride so long as a precipitate of ammonium platinichloride is 
formed, and the filtrate evaporated in a vacuum over sulphuric 
acid. 

Ethylene Platinous Potassium Chloride, CgH^PtClgKCl + HjO, 
This resembles the ammonium salt, and decomposes at abouft 
200 ®, with evolution of ethylene. 

The references at the foot may be consulted for further infoi^ 
mation respecting these platinum ethylene compounds.* ^ 


ETHYLENE ALCOHOL, OR ETHYLENE GLYCOL, 

CgH,(OH)g. . 

468 This alcohol is the first member of the group .of alco- 
hols containing dyad radicals. It was discovered by Wurtz in 
1856 (see p. 9). He obtained it by treating ethylene di-iodide 
with silver acetate, and decomposing the ethylene diacetate thus 
obtained with caustic potash.* He afterwards employed ethylene 

^ Bimbaum, Ann. Chetn. Phann. cxlv. 67. 

^ Msrtius and Qriess, Ann. Chem. Pharm. cxx. 326 ; Ghojnacki, loe. eit, \ 
Schiitzenberger and Fontaine, Bull. Soc. Chim. xviii. 103 ; Sadtler, zvii. 64. 

* Covnpi. Bend, zUii. 199 ; Ann. Chem. Pharm. c. 110. 
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dibron^de, a body more readily obtained, and he decomposed the 
acptic ether with caustic baryta.' 

A^inson then found that wlien potassium acetate is heated in 
cloa^.yes8els to 100® with ethylene bromide and alcohol until no 
furth^ potassium bromide separates out, the mono-acetate is 
obUd^d according to the following equation : ' 

0.=-{Sc.H.O " c:Sj)}'> + 2KBr. 

This decomposition also occurs when the mixture is lieatcd in a 
flask with a reversed condenser.® 

The mono-acetate is afterwards converted into glycol cither 
by treatment with caustic baryta, or by heating with water in 
closed tubes.* 

According to Erlenmeyer a mixture of GOO grams of ethylene 
dibromide, 700 grams of fused potassium acetate and 1500—1800 
of aJpohol of specific gravity 0*83, is boiled in connection with a 
reversed condenser until the liquid docs not precipitate ethyleno 
dibromide on tlie addition of water. The well-cooled liquid is 
then placed on a vacuum-filter to remove the potassium bromide, 
and the filtrate submitted to distillation. The portion passing 
overiibove liO® is treated with an excess of caustic baryta dissolved 
in. the necessary quantity of water, and then heated for twelve 
"hours on the water-bath. The free baryta is next precipitated 
Ib^,. carbon dioxide, and the filtrate evaporated on a water-bath to 
oi^third. The residue is then treated witli a mixture of equal 
parts of strong alcohol and ether, and the liquid poured off from 
saline mass which is deposited, tlie residue being tlirown on 
to the filter and washed with alcohol and ether. The solutions, 
which are now mixed together, are distilled on a water-bAth so 
as to separate alcohol and ether, and the residual licpiid subjected 
to fractional distillation. Tlie portion coming over below 18G® is 
afte^ards concentrated on the water-bath, and the residue, 
united with the higher portions, yields pure glycol on further 
distillation.^ If strong alcohol be used, and only half the theo- 
retical quantity of potassium acetate, no monacetatc is formed, 

* Ann. Chim. Pkys. [3], Iv. 400. 

- Phil. May. [4], xvi. 433 ; Ann. Chr.m. Pham. cix. 252. 

* M. SiiiiiMtoii, Prac. Iloy. hoc. ix. 725. 

^ Debus, Ann. Chem. Phnrm. cx. 310. 

Erlenmeyer, Ann, Chem. Phann. cxcii. 244, 

* VOL. III. D+ 
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according to Demolo, but glycol itself, and this may then be 
separated from the unattached ethylene bromide by distilla- 
tion.^ This mode of prepamtion has given discrepant results 
in the hands of ditferent experimenters,® and the concji- 
tions under which the largest yield is obtained have not been 
determined.® 

According to Hiifner and Zeller,^ glycol is obtained readily by 
boiling 138 grams of pure potassium carbonate with 188 grams 
of ethylene bromide dissolved in one liter of water, with a 
reversed condenser, when the following reaction takes place : 

C^H^Br^ + HgO+COCOK)^ « + 2KBr + CO^. 

The solution is then concentrated on a water-bath, and after 
cooling poured off from the deposited potassium bromide, the 
.crystals being brought on to a filter pump and washed with 
absolute alcohol. From the united solutions the ethylene alcohol 
is separated by fractional distillation. In this preparation a 
certain loss takes place from the formation of monobromethylene, 
C 2 H 3 Br, and here, too, the condition#*of best yield have as yet 
not been exactly worked out.® 

Ethylene bromide may also be converted into glycol by heating 
it to 170® in contact with water and oxide of lead.® The lead 
oxide may bo omitted if sufficient water be added to prevent the 
formation of concentrated hydrobromic acid, and this reaction 
takes place, though slowly, at 140® — 150®.^ 

Ethylene alcohol is also formed when a solution of hydrogen 
dioxide is allowed to remain for some time in contact with 
ethylene.® 

469 rropertics. Glycol is a colourless liquid having the con- 
sistency of a thin syrup, and possessing no smell but having a 
sweet taste. It boils at 197®— 197°'5, and at 0° has a specific 
gravity of 1 '125, that of its Vapour being according to Wurtz 
21G4 at 292°. Ethylene glycol is miscible with water and alco- 
hol in all proportions, but is not soluble in ether. It dissolves 

^ Demole, Ann, Chem, Pharm, clxxiii. 117 ; clxxvii. 45. 

^ ZoiUtir, Jmm, Praki, Ch^, [2], x. 286 ; Bomstein, Ber^J^evJtach, Chtm, Oea, 
lx. 480 and 917. 

• Erlenmeyer, loc. cU, 

^ Joum, Pntict, [2], x. 270 ; xi, 229. 

^ Lietzenmaycr, Ann, Clwm, Phann, clxxx. 282 ; Stempnewsky, ib, cxcii. 240 ; 
Erlenmeyer, loc, cU, 

^ Jeltekow, Ber, Deutsch, Chem, Gea, vi. 558. 

^ Nicderiat, Ann. Chem, Phann, clxxxvi. 89k 

* Garins, Ann. Ch&tn. Phnrm. exxvi. 195. ' o 
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various salts in small quantities, especially chlorides, and also 
potassium carbonate, caustic potash, and lime. 

Oxidizing agents convert it into glycollic acid, CH2(0H).C02H ; 
glyoxylic acid, CH(0H)2.C02H ; and oxalic acid, C02H.C02fl. 

When glycol . is heated with zinc chloride, acetaldehyde and 
crotonaldehyde, C4HQO, are formed together with other products ; 
acetaldehyde is also formed when ethylene glycol is heated with 
water to 220^-230“.^ 

Sodium Mmw-ethylenatCf C2Tl4(OH)ONa, is a white crystal- 
line body obtained by the action of sodium on glycol. When 
lieated with sodium in an oil-bath to 190® disodium ethylcnatc^ 
C2H/ONa)2, is formed. 

Ethylene Ethyl Ether ^ C2H4(OH)OC2H5, is formed by treating 
the moiiio-sodium compound with ethyl iodide. It has however 
not been obtained in the pure state, as some disodium ethylenato 
is at first formed. It is a veiy pleasantly smelling liquid boiling 
at 127^ 

Ethylene Diethyl Ether ^ C2H4(OC2H5)2, is readily obtained 
when the foregoing compound is treated with one-fourth its 
weight of potassium, and the cold mass warmed with ethyl 
iodide. The whole is then distilled, and again rectified over 
potassium. This compound is a pleasantly ethereal-smelling 
liquid boiling at 123®*5 and having a specific gravity at 0® 
of 0*7993.2 


ETHYLENE OXIDE, GJip. 


470 This interesting compound was also discovered by Wurtz.'* 
It is formed directly from glycol by the withdrawal ef the 
elements of water. In order to prepare it concentrated caustic 
potash must be gradually added to ethylene chlorhydrin, when 
a violent reaction at once occurs, but after a time the reaction 
must be aided by heat : 

CH2CI CH2V 

I + KOH = I O -f- KCl + H2O. 

CHgOH CIV 


' Nevole, Campt, Rend. Ixxxiii. 228. 

*'* Wurtz, Ann. Chim. Phys. [3], Iv. 400 ; Ann. CJiem. Pharm. cviii. 84. 
• * Coniptes Rendit8f xlviii. 101 ; Ann. Chem. Ptuirm. cx. 1:^5. 

v* 2 
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Ethylene oxide is evolved as a gas, which is first •passed 
throuffh a tube filled with chloride of calcium, and then into a 
well-cooled receiver, where it condenses. In order to prepare 
it perfectly pure it must be allowed to stand over calcium 
chloride and afterwards be rectified. 

Ethylene oxide is a pleasantly smelling ethereal liquid boiling 
at 13®*5, and at 0° having a specific gravity of 0 8945, whilst 
that of the vapour is 1*422. It mixes with water, alcohol and 
ether, in every proportion. When sodium amalgam is added to 
its aqueous solution it is reduced to ethyl alcohol.^ Although 
it possesses a neutral reaction it acts as a very strong 
base, and hence forms “a link between organic and mineral 
chemistry.” ^ Thus for example, it unites so easily with hydro- 
chloric acid to form ethylene chlorhydrate that when equal 
volumes of the gases are brought together over mercury, the 
combination takes place as quickly as between hydrochloric acid 
and ammonia. It unites with acetic acid directly, forming, 
according to the quantity added, either monacetate or diacetate. 
Brought in contact with magnesium chloride, it yields a preci- 
pitate of magnesia which forms slowly in the cold but cjuickly 
when warmed : 

2C*H,0 + 2H,0 + MgClj = 2C,H, | + Mg(OH),. 

It acts in a similar way with the salts of copper, iron, 
aluminium, &c.^ 

471 Dieihylene Dioxide, (OgHJgOg. If ethylene oxide be 
brought in contact with well-cooled bromine, and if the mixture 
be allowed to remain in a freezing mixture for a day, orange- 
yellow or ruby-red prisms separate out, possessing the composi- 
tion (C.2H^0) jBr^ These melt at 65°, and are again formed on 
cooling. The constitution of this singular compound has not 
as yet been satisfactorily ascertained. It contains bromine only 
loosely combined, as it gradually parts with this element in the 
cold in contact with mercury, when, instead of ethylene oxide 
being formed, the bimolecular compound is set free. This is a 
pleasant but faintly-smelling liquid, boiling at 102°, and having a 
specific gravity at 0° of 1*0482, whilst that of its vapour is 3*10. 
On cooling, it solidifies to a crystalline mass, melting at 9°.^ 

^ Wurtz, Comptes Kendus, liv. 277 ; Ann. Chem. Pharm, exxii. 354. 

- Wurtz, Journ, Chem* Soc. xv. 887. 

* Comptes Jteitdus, 1. 1195 ; Ann, Chem, Pharm, cxvi. 249. 

^ Comptes Rend^is, liv. 277 ; Ann, Chem, Pharm, exxii. 354. ' 
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Dietiiylene dioxide has doubtless the following constitution : 

C,H,<g>C,H,. 

Para-ethylciu Oxide, Ethylene oxide on standing for some 
time is converted into a polymeric modification, which is a 
white crystalline mass, melting at 56"".^ 


POLYETHYLENE ALCOHOLS. 

472 If ethylene oxide be heated with water to 100 ® these sub- 
stances combine to form ethylene glycol, and this, in its turn, 
combines with the free ethylene oxide to fovni polyethylene 
alcohols. These bodies are also obtained by heating glycol with 
ethylene oxide ^ or ethylene bromide.^ 


The following are known : 


Uiethylene alcohol, 

/C,n,.OH 

B.P. 

250" 

Triethyleiie alcohol. 

^^/CAOH 

290® 

Tetrcthyleiie alcohol, 


230® under a pressure of 
25 iniu. 

Pentethylene alcohol, 

O^H. 

0>C.H. 

^0,H,OU 

GC 

0 

^ Gonipt, Mend, Ixxxiii. 1141. 

“ Wuitz, Compt, Mmd. xlix. 813 ; 1. 1195 ; 
cxvi. 249. 

• • Louren^o, Ann, Chem, Fhann, cxvii. 269 ; 

Afifi, Chem, Pharm, cxiii. 255 ; 

Ann, Chim, Phys, [3], Ixvii. 288. 
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Hcxetliylenc alcohol, 


o>o.«. 

^O.H. 

o)C.H. 


325® under a pressure *of 
25 mm. 


These are all thick, viscid liquids, soluble in water. Th^ir pro- 
duction from ethylene oxide and glycol is readily understood, 
and their formation from ethylene bromide and glycol is repre- 
sented by the following equations : 




P XX _ np xr //Br 

^2«4\OH " 


OH 


Z®*" -1- C H 

r>TT -I- ^2ii4\0H - (1 Yl / 

2 4 


OH 


4\OH 


+ HBr 


OH 


Polyethylene alcohols arc also formed when glycol is heated with 
ethylene chlorliydrin, this reaction taking place at about 120®. 
When heated more strongly, the chlorhydrius or bromhydrins of 
the polyethylene alcohols are formed. The ethers of those same 
alcohols are produced by heating ethylene oxide with the acids 
or anhydrides. 


ETHEREAL SALTS OP ETHYLENE. 

473 The number of these is very large, as not only one or both 
of tlie hydroxyls in glycol can be replaced, but two different 
radicals may be introduced. 

Ethylene CMorhydrin, or ChlorhydrcUe, C2H4C1(0H). This 
compound was first obtained by Wurtz by saturating ethylene 
alcohol at the ordinary temperature with hydrochloric acid gas 
and then heating the solution in closed tubes to 100®, opera- 
tions which must be several times repeated in order to convert, 
the glycol completely into chlorhydrin. The product is then 
treated with potassium carbonate and purified by fractional 
distillation.^ It is also formed when glycol is warmed wdth 
sulphur monochloride : ^ 

2C\H,(0H)2 + 2S,C1., = 2C,,H,Cl(OH) -I- 2HC1 -f SO^ + 3S. 

’ Ann, Chim, Phya, [3], Iv. 400 ; Ann. Chem, Pharm, cx, 125. 

Carius, Ann. Chan. Phann, exxvi. 105. ' -i 
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It is Ikewise produced by the direct combination of ethylene 
and hypochlorous acid.^ In order to prepare it according to 
this reaction, a large balloon is filled with olefiant gas, and 
the hypochlorous acid obtained from G grams of mercuric 
oxide added for every 1 liter of the gas. This is then allowed 
to stand for some days and the liquid diluted with water, any 
hypochlorous acid which may be present being destroyed by 
the addition of sodium thiosulphate. The liquid is then dis- 
tilled until the distillate ceases to have a sweet taste, saturated 
with sodium chloride, and the chlorhydrin removed from the 
liquid by shaking with ether.^ 

Ethylene chlorhydrin is a colourless, sweet-tasting liquid, 
boiling at 128°, its vapour having a density of 2*797. When 
brought in contact with water and sodium amalgam it is con- 
verted into ethyl alcohol, and it yields chloracetic acid on 
oxidation. Hence it may be regarded as moiiochlor-eihyl- 
alcohol. 

Ethylene Bichloride, C, 2 H 4 Cl 2 . This compound is known, from 
its discoverers, as Batch lupM. It is easily formed when 
ethylene and chlorine are brought together, but the combina- 
tion takes place slowly, inasmuch as the double linkage of the 
carbon has first to be replaced by single linkage. If one volume 
of ethylene and two volumes of chlorine are equally mixed and 
the whole ignited, a deep red flame passes through the mixture, 
hydrochloric acid is formed and thick clouds of soot are 
deposited (Deirnan, &c.). 

At the time of the discovery of Dutch liquid, chlorine was 
considered to be oxidized muriatic acid, and hence it wjis 
assumed that in the formation of the oil the oxygen united 
with the hydrocarbon, and the product was looked upon as a . 
body resembling some of the fatty oils. It was recogqized by 
Colin and Robiquet^ to be analogous to hydrochloric ether 
(ethyl chloride), and its composition was afterwards determined 
by Liebig,^ Dumas,® and Regnault,® who investigated the 
compound more closely. 

* Carius, ih. exxiv. 257. 

* Uutlerow, Ann. Ctmn, Pharrn. cxliv, 40. Tlie solution of hypochlorous 
acid must be prepared from moist, freshly-precipitatcd mercuric oxide, iu which 
the amount of dry oxide must be determined. To four grams of the latter so 
much water and ice is added that 15 parts of the mixture contain one ]»art of dry 
oxide. This is then saturated in the dark with chlorine gas, and afterwards half 
as much moist oxide added, and the mixture used directly. 

* Ann. Chim. Phya. [2], i. 337. ^ Ann. Pharva. i. 213 ; ix. 20. 

• ^ Ann. Chim. Pkya. xlviiL 185; Ivi. 145. ” lb. IviiL 301 ; IxU. 151. 
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In order to show the formation of Dutch liquid, tlio apparatus 
employed by Colin and Kobiquet and since improved upon may 
be used. In the tubulated balloon (Fig. 2) equal volumes of 
dry ethylene and chlorine are brought. The ethylene dichloride 
which is formed condenses on the sides of the glass and falls 
into tlie flask, which is kept cool by water, as heat is of course 
evolved during the reaction. 

In order to obtain larger quantities of ethylene dichloride, 
Limpricht’s method may be employed. For this purpose ethyl- 
ene is passed into a slightly-warmed mixture of 2 parts of 
manganese dioxide, 3 parts of common salt, 4 parts of water, 
and 5 parts of sulphuric acid until the black colour of the man- 
ganese has disappeared, and then the chloride is distilled off. 



Pig. luo. 


Opal-gas may also be employed as a source of ethylene, but in 
this case propylene chloride and higher homologues arc formed, 
along with other chlorinated products. Nearly pure ethylene 
dichlorido may, however, be separated from this mixture by 
fractional distillation.^ 

The latter compound is also formed by the action of ethylene 
on antimony pentachloride, chromium oxychloride, and cupric 
chloride. If the latter salt be fused in an atmosphere of the 
gas, large bubbles are evolved, which ignite and burn with a 
red flame with formation of hydrochloric acid and deposition 
of soot.*-* 

1 Ann, Chem, Pharm, xciv. 245. - Wohler, Poyg, Ann, xiii. 297. c 
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Etljylene dichloride is also obtained by treating glycol with 
pentachloride of phosphorus (Wurtz), or by heating ethylene 
alcohol with an excess of fuming hydrochloric acid to 100°.^ It 
is also found in large quantity, together with ethyl chloride and 
other bodies, in the by-products in the manufacture of chloral 
(see part i. p. 539). According to Kramer,^ it is here produced, 
together with its isomerido cthidene chloride, by the action of 
chlorine on ethyl chloride; whilst according to Stiidel® this 
latter compound only yields ethidene chloride as a further 
substitution-product. 

Ethylene dichloride is a thin oily liquid, insoluble in water 
and possessing a pleasant smell and sweet taste. It boils at 
83°‘5, and at 0° has a specific gravity of 1 *28082, whilst that of 
its vapour is 3 44 (Gay-Lussac). 


CHLORINE SUBSTITUTION.PRODUCTS OF 
ETHYLENE. 

A description of these compounds may here follow, as ethy- 
lene dichloride serves as their point of departure. 

Monochlorethylcnc or Vinyl Chloride, C 2 H 3 CI, was discovered 
by Liebig and afterwards investigated by llegnault.® In 
order to prepare it, ethylene dichloride is brought in contact 
with alcoholic potash and allowed to stand for some days until 
no further chloride of potassium separates out. The mixture 
is then warmed gently and the gas led through a vessel cooled 
with ice, and passing, for the purpose of purification, through 
sulphuric acid and caustic potash. Monochlorethylenc is a gas 
having an ethereal smell, and condensing in a freezing mixture 
i.o a mobile liquid boiling between —18° and —15°. It is also 
formed by the action of jilcoholic potash on ethidene dichloride, 
CHg.CHCIg. Exposed to sunlight it is converted into a viscous 
amorphous insoluble mass. 

If the gas be passed into antimony pentachloride it is 
quickly absorbed, monochlorethylenc dichloride, CHgCl— CHClg, 
being formed. This same body is also produced when ethylene 

* Schorleiniiier, Jouni, Chem. Soc. 1881, i. 

® Ber, Vculsch, Chcin. Ges. iii. 259. 

* Ann, Chem. Ptiarm, cxcv. 183. 

* Thorpe, Joum. Chem. Soc. 1880, i. 182. 

* Ann, Chim, Phys, Iviii. 308. 
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dichloride is treated with chlorine in the sunlight. It ii% like- 
wise found in the by-products of the chloral manufacture.^ It 
is a liquid smelling like ethylene chloride, boiling at 115® and 
having a specific gravity at 0® of 1-4223.2 

Dichlorethyleney CHg— CClg, is produced by the action of 
alcoholic potash on the last-named compound (Regnault). It 
is a mobile liquid boiling at 37® (Kramer), and having a specific 
gravity at 15° of 1*250. Dichlorethylene passes very quickly 
into a white amorphous polymeric modification, insoluble in the 
ordinary solvents. It unites with chlorine to form dichlorctliyl- 
etie (lichlo'i'ide, CHgCl— CCI3, a body which, however, has not 
been prepared pure in this way. It is formed, together with 
its isomeride acetylene tetrachloride, CHClg—CHClg (a body 
which will be described further on), by the action of chlorine on 
ethylene dichloride and monochlorethylene dichloride, and is a 
liquid boiling at 127°‘5.^ 

Trkhloreiliylem, CHClZiCClg, is obtained by acting with 
alcoholic potash on either of the isomeric chlorides, 
well as by treating tetrachlorethylene or hexchlorethane with 
zinc and dilute sulphuric acid.^ It is a liquid, boiling at 90®, 
and conibincs with chlorine to form UHchlorethylcne dichloride^ 
CHOlg- CCI3, which is also formed by the continued action of 
chlorine on the foregoing bodies or on ethyl chloride. For this 
reason it is also termed pcntachlmriJmne, It is readily prepared 
by the action of phosphorus pentachloride on chloral.® It is a 
liquid having a sweet burning taste and a pleasant honey-like 
smell, boiling at 159® and having at 0® a specific gravity of 
l‘7089.fi 

Tetrachlorethylene , C2CI4. This compound, which was formerly 
called protochlorido of carbon, was obtained by Faraday, in 
1821, by passing the vapour of hexchlorethane, C^Clg, through 
a red-liot tubc.'^ Regnault prepared it from tlie latter com- 
pound by acting upon it with alcoholic solution of potassium 
hydrosulphide : ® 

C^Clfl d- 2KSH = C2CI4 + 2KC1 + SH^ + S. 

^ Kramer, Ber, Dcutsch, Clijem, Ges, iii. 259. 

- Pierre, Ann, C/ic7n. Phamu Ixxx. 127. 

® Stiidel, Ann, Chem. Pharm, cxcv. 187. 

■* Fischer, Jahresb, 1804, 481, 

* Pntemo, Comptea Rendus, Ixviii. 460 ; Ann, Chem, Phamu cli. 117. 

* Thorms Joum, Chem, Soc, 1880, i. 192. 

7 Phil. Trans, 1821, 47. 

" Ann. Chem, Phami, xxx. 350 ; xxxiii. 324. 
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It is olso formed from hexehlorethane by the action of reducing 
agents, such as zinc and dilute sulphuric acid or zinc filings in 
presence of alcohol.^ The reduction in this way may readily go 
further, and, according to Bcurgoin, a pure product is obtained 
by dissolving hexehlorethane in double its weight of aniline and 
heating this to 170°. The distillate, which still contains some 
of the higher chlorinated compound, is distilled with an equal 
weight of aniline at 130° — 140°, and the distillate then freed 
from aniline by dilute sulphuric acid.* 

It is a highly refracting mobile liquid, boiling at 121 °, and at 
0° having a specific gravity of 1*6595, whilst that of its vapour 
is 5*82 (Regnault). 

It again combines with dry chlorine in the sunlight to form 
hexehlorethane, but when placed under a layer of water, trichlor- 
acetic acid is also formed. When tetrachlorethylenc is heated 
with sulphur trioxidc to 150°, trichloracetyl chloride is formed ; 

CCI2-CCI2 + SO3 = CCI3-COCI + SO.,. 

Ilexchlorcthane, CgCl^, was first prepared by Faraday by the 
continued treatment of ethylene chloride witli chlorine. It is 
the final product of the action of this element on ethyl chloride 
and on all the foregoing substitution-products. It may be formed 
synthetically by passing a mixture of hydrogen and tetrachlor- 
methane vapour through a red-hot tube : * 

CCl, H CCI 3 HCl 

+ 1 = 1 + 

CCI 4 H CCI 3 nci. 

Hexehlorethane crystallizes in rhombic prisms and has a strong 
aromatic camphor-like smell. It is tolerably soluble in alcohol, 
still more so in ether, but scarcely dissolves in water. When 
heated, it sublimes at a temperature below its melting point, 
which lies at 185° — 187°. In order to bring the liquid to the 
boiling point it must be heated under pressure. When the 
pressure is reduced to one atmosphere a sudden solidification 
takes place, from which it appears that the melting point of 
this compound lies somewhat higher than its boiling point.^ 

EthylcTic Bromhydrin, C. 2 H 4 Br(OH), is obtained by saturating 
ethylene glycol with hydrobromic acid, and heating the solution to 

’ CJtiUtlier, 212. 

- Bourgoin, Bull, Soc. Chita, xxiii. 214. 

* Stiidcler, Anu, Chem. Pharm, Suppl. vii. 1C8. 

• * Hahn, JJer. Dcuisch, CVmtw. Ocs, xi. 1735. 
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100^ It is a thickish pleasantly smelling liquid which jias a 
bitter taste. It boils at 147®, and has at 8° a specific gravity of 
1*6G, that of its vapour being 4*3025.^ 

474 Ethylene Dihromule, G 2 H 4 Br 2 , was first prepared by Balard,^ 
It is easily formed by passing ethylene into well-cooled bromine 
which is covered by a layer of water. In order not to be incon- 
venienced by the bromine vapours which are evolved, the 
arrangement suggested by Hofmann* is employed. A strong 
glass bottle of two to three liters capacity is filled with 
ethylene under water, and 120 grams of bromine together with 
the same quantity of water are poured in, and the cork quickly 
replaced by one carrying a glass tube which passes nearly to 
the bottom of the vessel, and being connected by a caoutchouc 
tube with a gas-holder containing ethylene. The gas is now 
allowed to pass in, the whole being shaken until no more 
absorption takes place. More bromine is then added, and the 
operation repeated until a sufficient quantity of the dibromide 
is obtained. 

In order to prepare larger quantities, the method described 
by Erlenmeyer and Bunte, and shown in Fig. 101, may be used. 
The ethylene is prepared by the method already described, 
and, in order to obtain it as pure as possible, it is passed 
through an empty bottle {a) to condense any vapours of other 
and alcohol which may be present ; the bottle (h) containing 
sulphuric acid retains any of those products which are not 
condensed in («), whilst (c) and (d) contain caustic soda. 

The air is first driven out of this part of the apparatus, and 
the bottle (e) two-thirds filled with bromine and water, and con- 
nected on one side with the upright tube R, and on the other 
side wdth the bottle (/), which is filled to a height of five cm. 
with broken glass, and then with lumps of dry soda- lime. The 
air is now driven out so that the tube li is half filled with 
bromine, and the tube connected with the bottle (d), and 
ethylene is passed in until the colour of the bromine has dis- 
appeared. The crude product is purified by washing with caustic 
soda and water, then dried over calcium chloride, and rectified. 

Ethylene bromide is a mobile pleasantly smelling liquid, having 
a sweet taste, boiling at 131®* 5, and having a specific gravity at 0® 
of 2*2132 (Thorpe), whilst that of its vapour is 0*485 (Regnault). 
It solidifies in the cold to crystals which melt at 9®*5 (Regnault). 

^ Henry, Ann. Chim. Phys. [4], xxvii. 250. ^ Ib. [1], xxxii. 375. 

• Joum. Chilli. Soc. xiii, 67. * * 




Fig. 101. 
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When l)eate(l with water to 150° — 1G0° it is converted, asCariiis 
lias shown, into hydrobrornic acid and aldehyde.^ In this 
decomposition glycol as we know now is first formed (p. 34). 

475 Monohroinethylene, or Vinyl Bromide, CgHgBr, is formed by 
the action of alcoholic potash on ethylene bromide,^ or ethidene 
bromide.® It is a liquid which boils at 18°, and has a specific 
gravity of 1*56, and in the sunlight is converted into an 
amorphous polymeric modification. When treated with very 
concentrated hydrobrornic acid, it unites to form ethylene 
bromide. With a weak acid, on the other hand, it forms 
ethidene bromide.* It combines also with chlorine and bromine 
to form a dichloridc and dibromide, and from these a series of 
substituted ethylenes and additive-products may be prepared,^ 
of which the following may be mentioned. 

Tetrahrcmethylene, CaBr^, is not only formed from pentabrom- 
ethane,® but also together with other products by the action of 
bromine on alcohol or ether.^ It crystallizes from alcohol in 
laminae which molt at 53°, and have an aromatic smell and a 
sharp burning taste. 

Ilexhromcthane, C^Bi’^, crystallizes fjom solution in carbon 
disulphide in thick transparent tetragonal prisms which decom- 
pose at 200° — 210° without previously melting, giving rise to 
the foregoing compound and bromine.® It is distinguished from 
tetrabromethylcne, inasmuch as it is not volatilized in a current 
of steam.® 

Ethylene Chlorhrcmidey CgH^ClBr, is obtained by passing 
ethylene into a well-cooled aqueous solution of bromine 
chloride.^® It is also formed by the action of bromine on 
ethylene chloriodide,^^ and is a liquid resembling ethylene dibro- 
mide, boiling at 107° — 108°, and having at 0° a specific gravity 
of 1*79. Alcoholic potash converts it into monochlorethylene. 

Ethylene lodhydrin, C^H^I (OH), was prepared by Butlerow 
and Ossokin, by heating the chlorhydrin with potassium iodide. 
It is a heavy oily liquid having a burning taste and characteristic 
smell, and can be distilled in a vacuum without decomposition.^^ 

^ Amu Chum. Pharm. cxxxi. 173. ^ Reguault, An?i. Phjarm, xv. 63. 

3 Beilstein, Bull. Soc, Chim. 1861, 121. 

* Rebonl, Comptes Heudus^ ]iv. 1229 ; Ann. Vhem. Phann. exxiv. 267. 

® See Deiizcl, Ann. Chem. Phaim. cxcv. 203. 

• Lennox, Proc. Roy. Soc. xi. 257. 

^ Lowig, Pogg. Ann. xvi. 377. ® Keboul, loe. dt. 

^ Merz and Weith, Bcr. Deulsch. Chem. Gcs. xi. 2239. 

Simpson, Proc. Roy. Soc. xxvii. 118. 

“ Henry, Adin. Chcin. P/uirni. clvi. 14. 


Ih. cxliv. 42. 
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Ethylene Di-wdide, O2H4I2, was first prepared by Faraday 
in 1821, by acting on ethylene with iodine in the sunlight.' It 
is also formed when the gas is passed into iodine warmed to 
i’y)® — 60°.® It is, however, best prepared according to the 
process of Semenoff, by passing ethylene into finely-powdered 
iodine mixed with alcohol so as to form a thin paste. When a 
considerable quantity of the compound has been separated out, 
the iodine solution is poured off, mixed again with iodine, and 
the operation repeated. The crystals thus obtained are pure 
after they have been washed with cold alcohol.* It crystal- 
lizes in colourless tables or prisms melting at 81® — 82®.^ It 
possesses an aromatic smell, and the vapour attficks the eyes and 
produces headache. It is a very unstable compound, being 
easily converted in the presence of light into iodine and 
ethylene. When heated it also decomposes, though a portion 
of it sublimes, and it may be sublimed without decomposition 
in an atmosphere of ethylene. 

When ethylene iodide is heated with alcohol to 70®, the com- 
pound C2H5O.CHI.CH3 is formed. This is moniedethyl oxide^ 
and is a yellow oily li<iuid having a sharp overpowering smell. 
Sodium ethylate converts it into acetal.® 

Alcoholic potash converts ethylene di- iodide into moniodethylene 
or vinyl ioduie, CgHjI,^ a decomposition which may easily pass 
on further, when much acetylene is evolved.^ It is a colourless 
liquid having an alliaceous smell, boiling at 56° and at 0® 
having a specific gravity of 2 08. 

EthyleTie Chloriodide, CgH^ClI, is formed when ethylene is 
passed into an aqueous solution of iodine monochloridc.® It is 
an oily liquid boiling at 140®, and at 10® having a specific gravity 
of 2*1644 (Thorpe). Alcoholic potash converts it into inono- 
chlorethylene, and when heated with finely divided silver to 
160° ethylene and ethylene-dichloride arc formed.® 

Ethylene Bromiodidc, CgH^Brl. This body is formed, according 
to Simpson, by passing ethylene into an aqueous solution of 
iodine bromide. It is deposited in white needles resembling 

^ Quart, Journ, Science, xiii. 429. Kegnault, Ann. Phann. xv. C7. 

’ ZeitscK CJiem. 1864, 673. 

^ Aronstein aTid Kramps, Ber, Deutsch, Clvcm Ges, xiii. 489. 

* Bautnsiark, Ber, Dcuiscli. Chem, Ges. vii. 1172. 

® Regnault, Ann. Pharni. xv. 63. 

' Gustavson, Joum. Buss, Chem. Ocs. vi. 164. 

" Simpson, Proc. Bmj. Soc. .\ii. 278. 

® Frieilel ami Silva, Bull, Soc. Chim. xvii. 242. 
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ethylene iodide, melts at 28®, and boils between 168° and 
167°.i 

477 StUphates of Filiylene. When ethylene alcohol is heated 
with concentrated sulphuric acid to 160®, it forms ethylene-hydroxy- 
sulphuric acid, C2H4(0H)S04H, a body which is not known in 
the pure state. The barium salt is easily soluble, it forms a 
white solid mass which decomposes readily in aqueous solution 
with formation of glycol, sulphuric acid, and barium sulphate.^ 

Mhylenesulphuric Acid, 0204(80411)2, is formed when glycol 
is allowed to fall drop by drop into chlorsulphonic acid which is 
cooled by ice : 


280,5 


+ C,H 


roH 
* \ OH 


= C,H.{ 


OSO».OH 

OSO,.OH 


+ 2HCI. 


It is a thick liquid, which decomposes only at 160° ; on heating 
with water is resolved into sulphuric acid and glycol. Its barium 
salt, C2H4(S04)2Ba + 2H2O, crystallizes in slender interwoven 
needles.^ 

Ethylene Nitrite, C2H4(N02)2* This compound was first 
obtained by Semenoff by passing ethylene into liquid nitrogen 
tetroxide. An oily, very poisonous body is formed at the same 
time, but this has not been further investigated. The nitrite 
may be obtained in the jnirer state by passing ethylene into 
pure ether, and at tlie same time allowing nitrogen tetroxide to 
drop in. Ethylene nitrite crystallizes in tables or prisms which 
fuse at 37°‘5, and sublime at a higher temperature with partial 
decomposition.^ It has not yet been ascertained whether this 
compound is a nitrous ether or dinitro-ethylene, though the 
former of these views is the more probable, as amyl nitrite 
prepared in a similar way is doubtless a nitrous ether. 

When tetrachlorethylene is heated with nitrogen tetroxide to 
110® — 120®, dinitro-tctrachlorethylene, C2Cl4(N‘02)2, is formed, 
a body crystallizing from alcohol in feathery needles. It smells 
like chlorpicriii, and is easily decomposed on heating, but 
sublimes in a current of aqueous vapour.® 

Ethylene Niiri-nitratc, C2H4 1 q^q » is formed when ethyl- 
ene is passed into a well-cooled mixture of concentrated nitric 
and sulphuric acids. It is a colourless oily liquid having a 

« 

^ Simpson, TVoc. Roy. Soe, xxii. 61. ^ Ih. ix. 725. 

® Claesson, Jorum.. Prakt. Chimin. [2], xx. 2. 

* Zeitsch. Cham. 1864, 673. ^ Kolbc, Bvr, Deutsoh, CJu:m. Ges. ii. 326. 
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spirituous and pungent smell, the vapour attacking the eyes 
and producing headache. On heating, decomposition takes 
place. Alkalis, as well as dilute hydriodic acid, convert it into 
eijiylene alcohol, a reaction which shows that it is not a nitro- 
compound.^ 

Ethylene Nitrate, €2114(0^02)2, ia produced when ethylene 
glycol is gradually added to a well-cooled mixture of concen- 
trated nitric and sulphuric acids. It is a colourless oily liquid 
having an unpleasant sweet taste, and taking fire readily, burn- 
ing quickly with a bright flame. It decomposes on percussion, 
is poisonous, and is converted into ethyl alcohol in presence of 
caustic potash.^ 

In a similar way Ethylene Cldm'nitratc, C2H4CI.NO3, is obtained 
from ethylene chlorhydrin, and this substance is also a heavy 
oily liquid (Henry) 

478 Borate of Ethylene, By the action of boron trioxide on 
ethylene alcohol the monoborcther is obtained : 

rci rO.CJI4.OH 

B^Cl + 3C2H4(0H)2 = B^ 0.C.;H4.0H + 3HC1. 

(ci io.cX-OH 

It separates out from its solution in chloroform in yellowish- 
white microscopic lamina3 which are decomposed by water into 
boric acid and glycol. It is not combustible, but colours the 
luminous gas flame of a bright green.'* 

Ethylene Thiocyanaie, C2H4(SCN)2, is formed by heating 
ethylene bromide with alcoholic solution of potassium thiocyan- 
ate. It is slightly soluble in cold water, and more easily soluble 
in hot water and in alcohol. It crystallizes in needles or rhom- 
bic tables, melting at 90^ and having a sharp taste. Its smell 
is peculiar. When boiled with water it volatilizes, its vapour 
attacking the eyes.^ 

Ethylene Selenocyanate, C2H4(SeCN)2, is obtained in a similar 
way to the foregoing, from potassium selenocyanate. It crystal- 
lizes from boiling water or alcohol in fine white needles, which 
melt with decomposition at 128®.^ 

Ethylene Biformate, C2H4(CH02)2, is formed by boiling glycol 

^ Kekul^, B&r, Deutach. Chern, Oes. ii. 329. 

® L. Henry, Ber, Deulsch, Chem, Oes, iii. 529 ; Champion, Comjtt, Rend, Izxiii. 
671. 

* Councler, Ber, Beutsch, Ch/im, Oes, zi. 1106. 

* Buff, Ann. Cimn. Phrnnn. xevi. 362 ; c. 228 ; Sonnenschein and Meyer, 
Joum, Prakt, Chem, Ixv. 257. 

^ Proskauer, Ber, Deutsch, Chem, Oes, vii. 1280. 
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with 3 to 4 parts of 75 to 80 per cent, formic acid in connection 
with an inverted condenser. The product is then distilled^ and 
a liquid obtained which boils between 170® — 180®, and this also 
contains monoformate. In order to remove this latter compoui;id 
it is again heated with formic acid, and the pure ether is 
obtained by rectification of the product. It is a mobile liquid 
having a peculiar smell and boiling at 174®.^ 

{ OH 
00 H O 

The formation of this compound has already been described 
under glycol. It is obtained by fractional distillation as an oily 
liquid having a neutral reaction, a faint smell resembling acetic 
acid, and boiling at 182®. It is heavier than water, and miscible 
with this liquid. The ether is also formed when glycol is heated 
to 200® with the necessary quantity of acetic acid.^ If acetic 
anhydride be employed in place of acetic acid, the reaction 
takes place at 170°.® 

Ethylene Diacetate, or Ethylene Diacetin, C2H4(0C2H30)2, is 
best obtained, according to Wurtz, by mixing 5 parts of ethylene 
bromide and 9 parts of silver acetate with acetic acid until they 
form a thin paste, and heating this for some days to 100®. It is 
then washed out with ether, the latter distilled off, and the 
residue fractionated. It is also obtained by heating glycol with 
excess of acetic aoid to 200® (Lauren5o). Ethylene diacetate 
is a colourless liquid,^ having a specific gravity at 0® of 1’128, 
and boiling at 186® — 187®. On heating it has a faint smell of 
acetic acid, and it dissolves at 22® in 7 parts of water, separating 
out again on addition of calcium chloride. 

{ Cl 

O C H O 

is obtained by heating a mixture of glycol and acetic acid satu- 
rated with hydrochloric acid, or better by passing hydrochloric 
acid gas into ethylene monacetin heated to 100® (Simpson). It 
is also formed by the action of acetyl chloride on glycol 
(Lauren^o). It is a liquid boiling at 145®, and having at 0® a 
specific gravity of 1*1783. 

Ethylene lodacetin, | q q g[ q> formed in a similar 
way to the foregoing compound by the action of hydriodic acid 


^ Henninger, Bull, Soc. Chim, [2], zxi. 242. 

^ Lauren^o, Ann. Cliim, Phys, [3], JxvdL 267. 
* Simpson, Proe. Boy. Soe. x. 114. 
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on thtf cold monacetin. It is an oily, sweetish liquid, ^vhicll 
on cooling crystallizes in tables (Simpson). 

Besides these ethers the following may be mentioned. They 
have been prepared by Laurengo, Simpson, and Wurtz : 



0 

GO 

r 

0 

B.P. 

Ethylene moiiobutyrate, 

about 220®. 

Ethylene acetobutyrate. 

fO.C,H,0 

208 to 215®. 

Ethylene dibutyrate, 

fO.C,H,0 
( O.C^HyO 

239 to 241®. 

Ethylene mono valerate, 

C H ^ 

( O.CJToO 

about 240®. 

Ethylene acetovalerate. 

^ 1 O-C^HjO 

„ 230®. 

Ethylene di valerate, 

X Q.C^HgO 

„ 255°. 


SULPHUR COMPOUNDS OF ETHYLENE. 

r OH 

480 Ethyhm Ifydroxysulphide, gjj, was obtained by 

Carius by acting on potassium hydrosulphide with ethylene chlor- 
hydrin. It is a colourless liquid heavier than water, having a 
faint smell of mercaptan. Its alcoholic solution gives precipitates 
with many metallic salts.^ 

Ethylene Dikydrosulphide, or Ethylene Mercaptan^ C 2 H 4 (SH) 2 . 
The existence of this compound was observed so long ago as 
1840 by Lowig and Weidmann, but it was first prepared in the 
pure state in 18G2 by Werner. It is easily formed by the action 
of ethylene bromide on potassium hydrosulphide in alcoholic 
solution. It is a colourless highly refracting liquid, boiling at 
146®, and having a specific gravity of 1*123 at 23®-5. It dis- 
solves easily in ammonia and other alkalis, and forms insoluble 
mercaptides with the heavy metals.* 

Ethylene Sulphide, CjH^S, is obtained by the action of an 
alcoholic solution of potassium sulphide on ethylene bromide, 

' Carius, Ann, Cheni, PJuimi, cxziv. 257. 

* * Zeitsch, Cheni. 1862, 584. 
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and was first prepared by Lbwig and Weidmann as a* white 
amorphous powder, and termed by them mlplietherin^ 

The body was then examined almost simultaneously by 
Crafts, 2 Werner, and Huseinann,^ and obtained by the action of 
an alcoholic solution of potassium sulphide on ethylene bromide. 
According to Crafts tlie product contains bromine, but if it be 
submitted to a careful dry distillation, a white crystalline body 
of the above composition is obtained, and this is purified by 
heating the first product for some days in contact with ether, 
alcohol, or carbon disulphide to l 5 o° — 160 °. Husemann found, 
moreover, that this compound may be obtained . by heating 
mercury ethylene mercaptide with ethylene bromide : 

+ 0,n,Br, = C,H + HgBr^ 

Hence this compound is diefhylcTic disulphide^ and its consti- 
tution is analogous to that of diethylene dioxide. Its vapour 
density was also found to correspond to this, being 4 28 . 

Diethylene disulphide crystallizes from hot alcohol in white 
glistening needles, and from ether in hard, glassy, monoclinic 
prisms. It has a powerful smell and pungent taste, sublimes at 
111° and boils at about 200°. 

It unites directly with the elements of the chlorine group. 
The compound with iodine is comparatively stable, crystallizing 
in monoclinic tables, having the formula (C2H4)2Sjjl4, or perhaps 
CgH^SIg. The crystals appear red by transmitted light, but 
have a metallic or an iron-black lustre by reflected light. 

Concentrated nitric acid converts the disulphide into 
(CgHJgSgOg, a body crystallizing from hot water in white 
needles. Heated under pressure, (CgHJgSgO^, or CgH^SOg, is 
produced, a body which forms crystals insoluble in water. 

Ethylene Thwearhonate, O2H4.CS3, is formed by the action of 
sodium thiocarbonate on ethylene bromide. It crystallizes from 
ether-alcohol in fine golden-yellow prisms, melting at 36 °' 5 . 
It is oxidized by dilute suli)huric acid to ethylene oxytMocarhomte, 
C2H4.COS2, which crystallizes from alcohol in thin needles, 
melting at 31 °. 

481 Ethylene Thiochlcyrides, These bodies, discovered by 

^ I'ogg, Ann. xlix. 123. 

- Ann. Chem. Pharm. exxiv. 110 ; cxxviii. 220. 

^ Zcitsch. Chem. 1862, 584. 

* Ann. Chem. Pharm. exxvi. 269. • 
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Quthrie,^ are formed by the direct union of ethylene with the 
chlorides of sulphur. 

Ethylene Thiodichloride^ CgH^SCIg, is formed by passing 
eihylene into well-cooled sulphur dichloride, which must be 
afterwards heated to 100^ It is a liquid having a taste and 
smell resembling mustard-oil. It produces blisters when brought 
on the skin, and at the ordinary temperature gives off a small 
amount of vapour which attacks the mucous membranes. It 
decomposes easily on heating. 

Ethylene Dithiodichloride, (02H4)jjS2Cl2, is formed by heating 
ethylene with sulphur monochloride to 100°. It is a light- 
yellow liquid having a sweet pungent odour and taste, the 
vapours of which attack the eyes powerfully. 

Chlorethylene Dithiodichloridc, (0211301)282012, is formed by 
the action of ethylene on boiling sulphur monochloride. It is a 
light-yellow liquid having a sweet biting taste and a pleasant 
odour resembling that of lemons and peppermint. 


SULPUO-ACIDS OF EtIIYLKNE. 


482 Regnault, in 1837, was the first to point out that ethylene 
unites with the vapour of sulphur trioxide, forming the crystal- 
line compound C2TT4S2OQ, to which he gave the name of sul- 
phacetylic acid.^ The same body was obtained by Magnus by 
acting with alcohol on sulphur trioxide. He termed it carhyl 
sulphate, and found that, in contact with water, it gives rise to 
a dibasic acid, to which he gave the name of ethionic acid, 
O2H4S2O7H2, but that when boiled with water it is converted 
into monobasic isethionic acid, CgH^SO^H, and sulphuric acid.® 
Later investigations have proved that the last-named acid is a 
sulphonic acid, and that these compounds have the following 
constitution : 


Carbyl Sulphate. 



Ethionic Acid. 


C,H 


/O.SO,.OH 

*\S02.0H. 


Isethionic Acid. 


C,H 


/OH 

"\SO,.OH 


Isethionic Acid or Hydroocyethylene Sulphonic Acid, Before 
the discovery of carbyl sulphate, this substance was prepared by 


^ Joum, Chem, Soc. xiii. 35 ; ih, 129 ; xiv. 128. 

* Ann, Chem, Pharm, xxv. 32. 

* Pogg. Ann, xlvii. 509. 
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Magnus from ethionic acid, a compound which he had olitained 
by treating alcohol or ether with sulphur trioxide and dissolving 
the product in water. Magnus thought at first that the two 
acids were isomerides and, as Sertiirner had suggested for suj- 
phovinic acid (ethyl sulphuric acid), the name of oenothionic 
acid, Magnus adopted the above names for his acids, as both 
might be considered to be compounds of ether and anhydrous 
sulphuric acid.^ 

Iscthionic acid is also formed in an analogous way to the 
other sulphonic acids by oxidizing ethylene hydroxysulphide 
(p. 51) with nitric acid, and its potassium salt is formed when 
an aqueous solution of acid sodium sulphite is heated with 
ethylene oxide to 100®.^ It is also found, in an analogous way, 
from normal sodium sulphite and etliylene chlorhydrin at a 
temperature of 170® — 180®.® 

In order to prepare it, the vapour of sulphur trioxide is passed 
into well-cooled absolute alcohol or ether, the product diluted with 
four times its volume of water and boiled for some hours, the 
evaporated water being from time to time replaced. It is then 
saturated with barium carbonate and filtered. The liquid is 
concentrated by evaporation until crystals of barium methylene 
disulphonate (Part I. p. 264), separate out, whilst the rest of the 
salt is thrown down on addition of alcohol. The filtrate is then 
concentrated to the consistency of a thin syrup, and, on standing, 
barium isethionate separates out, and this is decomposed by 
dilute sulphuric acid. On evaporating the solution, isethionic 
acid remains as a syrup but crystallizes to deliquescent needles 
having a strongly acid taste, when allowed to evaporate over 
concentrated sulphuric acid. 

The salts of isethionic acid are readily soluble and ciystal- 
line. Potassium Isethionate, C2H4(0H)S03K, crystallizes in glis- 
tening laminae or rhombic prisms. Ammonium Isethionaie, 
C2H^(0H)S03NH^, is deposited in transparent prisms or pyra- 
mids. Barium Isethionate, [C2H^(OH)SOg]2Ba, crystallizes in 
transparent six-sided tables, or is formed in large semi-transparent 
crystals. 

Isethionic acid also acts as an alcohol, and hence it exhibits 
elations similar to the hydroxy-acids of the lactic series. 
Thus, on oxidation, it is converted into sulphonacetic acid, 

* Pogg, Ann. xxvii. 378. 

3 Erlcnmeyer and Darmstiidter, ZeUsch. Ch^m, ISHIB, 342. 

* Collmann, Ann, Chem, Pharrti, cxlviii. 101. o 
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CHa(S08H)C02H/ a body which will be described under the 
glycolyl compounds. 

Isethionyl DicMoride, C2H^C1(S02C1), is obtained by the action 
qf phosphorus pentachloride on potassium isethionate. It is a 
heavy colourless oil^ smelling like oil of mustard, and boiling at 
about 200®. 

Chlorisethionic Aeid, C2H4C1(S03H). The chloride is only 
slowly attacked by water at the ordinary temperature, and in 
order to prepare this acid the mixture must be heated for some 
days in closed tubes. Ghlorisethionic acid crystallizes in deli- 
quescent needles and forms salts which crystallize well. On 
boiling with water, especially in presence of an alkali, isethionic 
acid is again formed.^ 

Amidisethionic’ Acid, oh Taurine, 0oH4(NH2)S03H. 

483 This body was discovered in 1824 by Leopold Gmelin® in 
ox-bile, and afterwards investigated more completely by Demar- 
^ay,^ and by Pelouze and Dumas.® These chemists, however, 
overlooked the fact that taurine contained sulphur, and gave to 
it the formula C2H7NO5. Its correct composition was, however, 
ascertained by Kedtenbacher.® 

Taurine occurs in bile in the free state, but chiefly in combina- 
tion with cholic acid as taurocholic acid. It is also found in 
the kidneys, lungs, muscles, &c. 

In order to prepare it from ox-bile an excess of hydrochloric 
acid is added, the whole filtered and evaporated until a treacly 
resinous mass separates out. The watery liquid is then poured 
off and evaporated, when common salt separates out, formed 
from the sodium salts of the bile acids. The solution which is 
poured off, is mixed with strong alcohol, and set aside until the 
whole of the taurine crystallizes out. Alcohol is then added 
and the whole purified by recrystallization. 

Kolbe first obtained taurine artifically by heating ammonium 
chlorisethionate with an excess of aqueous ammonia to 140®.^ 

Taurine is tolerably soluble in cold, and very soluble in hot 
water, crystallizing in large transparent monoclinic prisms. 

1 F. Carl, Ber, Deutach. Ckem. Ges, xiv. 63. 

^ Kolbe, Ann, Chem, Phann, cxii. 241 ; exxii. 33. 

* Tiedemann and Gmelin, Dia Verdauungt i. 43, 600. 

* Ann, Phann, xxvii 286, • Ib, xxvii. 292. 

. • Ib, Ivii. 170 ; Ixv. 37. 

• ^ Ann, Chem, Pharm, exxii. 33. 
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The crystals grate between the teeth, and have a cooling but 
not otherwise characteristic taste. Its aqueous solution has a 
scarcely preceptible acid reaction, and, from this solution, alcohol 
precipitates it in the form of small crystals, which under the 
microscope are seen to possess the characteristic prismatic form. 
It does not combine with acids, nor does it form salts of definite 
composition with bases. That it acts, however, as a weak acid 
is seen from the fact that it is not precipitated from its solution 
in alkalis by alcohol, but that it is thrown down when carbon 
dioxide is passed through the solution. 

Like other amido-acids (Part I. p. 4G0) taurine must be con- 
sidered as an ammonium salt, having the following composition : 

CH^— NH3 

1 I 

CH..S02.0. 

If nitrogen trioxide be passed into its solution in dilute nitric 
acid it is converted into isothionic acid.^ 

Tauro-carbamic Acid, C 2 H 4 (NH.C 0 .NH 2 )S 03 H, is found in 
the urine when taurine is administered. It crystallizes in 
glistening quadratic lamina?, easily soluble in water. The 
potassium salt of this acid may be artificially prepared by 
evaporating mixed solutions of taurine and potassium cyanate. 
If the acid be heated with baryta solution to 130° — 140° it 
decomposes into taurine, ammonia, and carbon dioxide.^ 

484 Carbyl Sulphate and Ethimiic Acid, From the foregoing 
constitutional formula it is clear that ethionic acid is the 
sulphate of isethionic acid and carbyl sulphate the corres- 
ponding anhydride. To prepare this latter compound, sulphur 
trioxide is brought into a vessel well cooled with ice, and then 
a tube filled with absolute alcohol lowered into the flask 
and the whole tightly closed. When the sulphur trioxide has 
been absorbed, the tube is brought into another vessel containing 
trioxide, and the operation repeated until a sufficient quantity 
of the crystals have separated out, the fuming sulphuric acid 
which is produced at the same time being poured off. The 
crystals are brought on to a porous plate contained in a vacuum 
over sulphuric acid, and allowed to stand until they no longer 
fume. Carbyl sulphate forms a radiated mass of crystals, which 
melt at 80°; the fused mass crystallizing on cooling. It absorbs 

^ Gibbs, SilUm, Am, Jounu [2], xxv. 80. ' . 

a Salkowsky, Ber, Deviseh, Chem,. Oes, vi. 744 and 1191. 
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moisture with great avidity, being converted into ethionic acid, 
which is only known in aqueous solution. Its salts usually 
crystallize well, but they also are very unstable. 

• Di’isethionic Acid, 0 The salts of this acid 

are formed by gently heating the isethionates. The acid pre- 
pared from the barium salt has only been obtained as yet in 
the form of a thick syrup. 

Ammonium Di-isdhionate, (C2H4S()3NH4)30. By heating 
ammonium isethionato, Strecker obtained a body which he 
believed to be taurine.^ Sey berth showed that this isnojb the case, 
and he considered this compound to be the amide of isethionic 
acid. ^ Its exact composition was, however, first determined by 
F. Oarl.s In order to prepare ammonium di-isethionate, am- 
monium isethionate is heated for some hours to 210° — 220° and 
the residue crystallized from boiling alcohol. It forms pearly 
glistening laminae which melt at 196° — 108°. When boiled 
with baryta water, the corresponding barium salt, C^HgSgOyBa 
+ HjjO, crystallizes out in thin six-sided tables. It is also 
formed when barium isethionate is heated for some time 
to 200°. 

485 Ethylene Disulphonic Acid, 0311^(80311)2, was first pre- 
TOred by Hofmann and Buckton ^ by lieating propionamide or 
y^ropionitril with fuming sulphuric acid, and termed by them 
^ disulphetholic acid : 

CHg 

ilHg + 3SOjj(OH), 

!jn 

Almost simultaneously, Buff® obtained it by oxidizing 
ethylene thiocyanate with nitric acid. It may also be obtained 
in the same way from ethylene dihydrosulphido and ethylene 
thio-carbonate. It is likewise easily formed by acting on acetic 
anhydride with concentrated sulphuric acid.® The free acid is a 
very deliquescent crystalline mass which yields easily soluble 

^ Ann. Chem. Pharm, xci. 97. 

* Ber, Deutsch. Chem, Ocs, vii. 391. 

^ Ih, xii: 1604; xiv. 66. 

* Proc. Boy. Soe. viii, 158. 

® Ann. Chem. Pharm, c. 232. 

• ® Franchimont, Compt. Bend. xcii. 1054. 


CHg.SOg.OH r 

CH,.S02.0H ^ 


2 - 
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salts which usually crystallize well. These have been com^etely 
studied by Husemann.^ 

Hydroxy-ethyleiie Disulphonic Add, 02H3(OH)(SO8H)2, is 
formed by heating potassium isethionate with fuming sulphurie 
acid. It forms a thick strongly acid syrup. Its salts are very 
stable and crystallize well.^ • 


NITROGEN BASES OF ETHYLENE. 

486 The action of ammonia on ethylene bromide was first in- 
vestigated by Cloez, who obtained three different bases, termed 
by him, Formyliac, N(CH)H2; Acetyliac, N(C2H3;H2; and 
Propyliac, N(C8H5)H2.® At the same time Natanson examined 
this reaction and obtained similar bodies, but did not discover 
their chemical nature.^ A clear light wtis, however, thrown 
upon this subject by the investigation of Hofmann,® who 
showed that the action of ethylene bromide upon ammonia 
is similar to that of the haloid ethers of the monatomic 
alcohol radicals, with this difference, that one molecule of 
ethylene bromide acts upon two molecules of ammonia, and 
that the bases thus formed are then further attacked by the 
ethylene bromide, as shown by the following reaction, in which 
graphic formulae are used in place of Hofmann's typical 
formulae i 

Ethyleno-diamine. 

0,H,Br, + 2NH3 = + 2HBr. 

Diethylene-diamine. 

CgH^Brj + ^2^4^NH2 ” + 2HBr. 

Triethylene-triamine. 

.N. 

C2H,Br2 + C2H,(^^^^C2H, = C 2 H; C 2 H, 'C2H, + 2HBr. 

The last compound unites with ethylene bromide to form 
tetraethylammonium dibromide, N2(C2HJ^Br2. 

^ Ann. Chtm. Pharm. exxvi. 269. * Moves, Ann. Chem. Pharm. cxliii. 190. 

* Jahresb, 1853, 468 ; i&. 1858, 344 ; Rmdus, xlvi. 844. 

* Ann. Chem. Pharm. xcii. 48 ; xcviii. 291. 

® C<mjA. Pend. xlvi. 256 ; xlix. 781 ; Ptoc. Pay. Soe. x. 224. 
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At#thc same time other reactions take place in which poly- 
ethylamines corresponding to the polyethylene alcohols are 
formed ; 

Diethylene-tnamine. 

* C,H,.NH3 

2CsjH^Br2 + 3NH3 = NH + 4 HBr. 

^C3H,.NH3 

Triethylcnc-triaininc. 

/ 2 4 

CgH^Br^ + NH = NH C^H^ + 2HBr. 

\h,.NH3 XH4.Nl/ 

Trictliylonc-tetraniine. 

C3H,.NH2 

NTl 

SCjH^Brj + 4NH3 = Xh^ + 6HBr. 

NH 

\3H,.NH3 

&c. 

In the case of diamines containing the groups NH^or NH 
the hydrogen in these groups may be replaced wholly or partially 
by alcohol radicals, by heating the diamines with the haloid 
ethers. Similar compounds are also formed when ethylene 
bromide is heated with the primary or secondary amines. 

The tertiary amines, on the other hand, exhibit a different ‘ 
behaviour towards ethylene bromide. Apparently an addition- 
product of the two bodies is formed, but the substance produced 
is the monobromide of an ammonium containing the group 
CgH^Br, as for example, hromide, 

N(CH3)3(C2H4Br)Br. Silver salts precipitate only one half the 
bromine from this substance, whilst ammonia withdraws hydro- 
bromic acid, tHmethyl-vinyl-ammoniuvi bromide^ N(CH3)3(C2H3) 
Br, being formed. If moist silver oxide be used instead of 
ammonia, both bromine atoms are removed, and the hydroxide 
of the vinyl base, N(CH3)3(C2H3)OH, is produced. 

From the foregoing, it is seen that the number of compounds 
of this group is numerous.* As, however, these bodies resemble 
4he compound ammonias and ammonium compounds in their 
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chemical relations, it will here be sufficient to describe thetmore 
important of them. 

’487 Ethylene Diamine, C 2 H 4 (NH 2 ) 2 , is formed together with 
other of the above-named diamines when ethylene bromine act? 
for some time on alcoholic ammonia at 100®. The cooled liquid 
is then poured off from the ammonium bromide which separates 
out, evaporated to dryness, and the residue distilled with caustic 
potash. The distillate is dried over solid caustic potash, and 
then fractionated and the bases thus separated. 

For the preparation of large quantities of ethylene diamine 
the by-product obtained in the manufacture of chloral, and 
boiling between 70® and 100®, can be utilized.^ This is a 
mixture of ethylene chloride, ethidene chloride, and higher sub- 
stitution-products, of which the two first-named are attacked 
by alcoholic ammonia at lOO^* — 120®. As soon as the reaction is 
complete, the liquid is separated from the sal-ammoniac and the 
unaltered chlorine compounds distilled off. From the residue the 
hydrochloride of the base having the composition C 2 H 4 (NH 3 C 1)2 
separates out in needles, and this is obtained in the form of 
silver-white needles after frequent recrystallization and washing 
with alcohol, in which it is insoluble. The brown mother-liquor 
is distilled with caustic potash, and the first distillate treated 
with hydrochloric acid, when another yield of the hydrochlorate 
is obtained. The later fractions contain the higher diamines, 
triamincs, &c. 

, The compound obtained by distillation with caustic potash 
from the salts is not the anhydrous base but the hydrate 
C 2 H 4 (NH 2)2 + HgO, and from this the water cannot be with- 
drawn even by barium oxide, and it boils at almost the same 
temperature as the anhydrous base. Although the water is so 
intimately combined, the compound docs not exist in the 
gaseous form. Cloez found the specific gravity of the vapour 
to be 1*427, and hence he concluded that formyliac which he 
believed to be contained in the salts had the formula N(CH)H 2 . 

Anhydrous ethylene diamine can only be obtained by repeated 
distillation of the hydrate over sodium. It is a thick liquid 
having a faint ammoniacal smell, and a burning taste. It is 
strongly alkaline and easily soluble in water. It boils at 117® 
and has a vapour density of 2 07. 

Ethylene Diethyl Diamine, NH(C*H*j* formed not 

1 Ber, DeutscK. Chem, Ges, iv. 666. • 
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only fcy the action of ethylamine on ethylene bromide, but also 
by that of ethyl iodide on ethylene diamine. If the product be 
distilled with water and silver oxide, and the distillate allowed 
evaporate in a vacuum, the hydrate N2C2H4(C2Hg)2H2 4 - H2O 
is obtained. It is a solid mass resembling stearic acid, having 
an ammoniacal smell, and losing water in contact with caustic 
baryta. The anhydrous base is a colourless oily liquid.^ 
IHethylene Diamirve^ N2(C2H4)2H2, is a liquid boiling at 170 ® 
which unites with water to form the crystalline hydrate. By 
the action of ethyl iodide, the hydriodide of diethylcne diethyl 
diamine, N2(C2Hj2(C2Hg)2, is formed. The free base boils 
at 185 ®. 

Triethylene Diamine, N2(C2H^)3, boils at about 210 ®, and is 
easily soluble. 

Diethylene Triamine, ^3(02114)211^, is an oily liquid soluble in 
water and boiling about 208 ®. Treated with an excess of hydro- 
chloric acid it yields the salt N3(C2H4)2HgC]3, which crystallizes 
well and combines with platinum chloride to form the compound 
[N 3 (C,H,),H 3 ],(PtCg 3 , crystallizing in golden yellow needles 
which decompose, however, on recrystallization.^ 

Triethylene Triamine, N3(C2H4)3ir3, boils with partial decompo- 
sition at about 216 ®, and forms, in strotigly acid solution, well 
crystallizable salts containing three equivalents of acid. When 
only a weak acid solution is used, salts are formed which contain 
only two equivalents of acid, and, if the free base be added to 
this solution, salts containing a still smaller quantity are formed. 
The platinichloride [N3(C2H4) HJg (PtClQ)3, is tolerably soluble 
in water, and crystallizes in long golden-yellow needles. Besides 
this, another compound, [Ng(C2H4)3H4]2 PtClg, is known, crystal- 
lizing in large prisms. 

Triethylene Tetramine, is a thick syrup. Its 

platinum compound, N4(C2H4)3Hi^j(PtCl3)2, is a pale yellow 
amorphous almost insoluble precipitate. 
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Ethylene Oxide Bases.^ 


488 Ethylene oxide combines with aqueous ammonia with 
evolution of heat, when the following bases are formed : 

Oxyethylamine. 

C,H,0 + NH 3 = 


C^IT.O + C^K. 


NH, 


\ 


OH 


NH3 

/ 

C^H.O + 

O 
/ 




Dioxyethylamine. 

NH3 

o 

OH. 

Trioxycthyhiniiiie. 

NH. 

/ 

O 

/ 

= C3H, 

o 


\ 

OH 






OH. 


These bodies remain on evaporation as syrupy liquids having 
a strong alkaline reaction. In order to separate them, they are 
neutralized with hydrochloric acid, evaporated, and the residue 
exhausted with absolute alcohol, when hydrochloride of tri- 
oxyethylamine remains behind. The solution is evaporated 
again to a syrup, and from this the salt of oxyethylamine is 
allowed gradually to crystallize and the crystals are then washed 
with alcohol. A more complete separation is effected by means 
of the platinichlorides. For this purpose a concentrated solution 
of platinum chloride is added to the alcoholic solution, when the 
salt of dioxyethylamine crystallizes out. Ether is then added to 
the mother-liquor, which precipitates some more of this salt, 

^ WnTtz, CoMpUt Sendui, xlix. 898 ; liii. 338 ; Ann. Chem: Pharm. cxir. 61 : 
xxi. 226. 
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until last golden-yellow scales of the monoxyethylammonium 
platinichloride make their appearance. By decomposing these 
compounds with sulphuretted hydrogen, the hydrochlorides of the 
^wo bases are again formed. These are formed together when 
ethylene chlorhydrin is heated with ammonia to 100®. 

The bases are obtained from the hydrochlorides by decompo- 
sition with silver oxide. They are thick strongly alkaline liquids 
which have not been further examined. 

Oxyethylammonium Chloride, C2H4(OH)NH8Cl, forms small 
crystals melting at 100®. 

Dioxyethylammonium Chloride, (C 2 H 4 ) 20 ( 0 H)NH 8 C 1 , is very 
easily soluble in water and alcohol, and on the addition of 
platinum chloride deposits the platinichloride [(C2H4)20(OH) 
NHgJgPtCl^, in large crystals resembling those of potassium 
dichromate. 

Trioxyethylammoniurth Chloride, (C2H4)302(0H)NH3C1, crys- 
tallizes from water in large rhombohedrons. 

When trioxyethylamino is warmed with ethylene oxide, higher 
jpolyoxyethylamines are formed, their basic properties decreasing 
with increase of oxygen. They have not been separated from 
one another, as neither they nor their salts crystallize. 

Ethylene oxide and ethylene chlorhydrin combine together 
with amines to form oxy-bases or their hydrochlorides. Of 
these the following compounds have the greatest interest. 


CHOLINE AND NEURINE. 

489 In the investigation of the constituents of ox and swine’s 
bile Strecker discovered a base to which from analysis of its salts 
he gave the formula CgHigNO, and termed it Choline} 
bile). Liebreich at a later period obtained a basic compound as 
a decomposition-product of protagon, a body possessing a com- 
plicated constitution and forming the chief constituent of the 
materials of the brain and nerves. This basic substance he 
termed Neurine {vevpoy, nerve),® and from analysis gave to it the 
formula CgH^iN. The same compound was further investigated 
by Baeyer, who found that it is oxyethyl-triTn^thyl-amTmnium hy- 
droxide, ^[(CgHg.OH) (0113)3011. Hydriodic acid converts it 
into the compound N(C2H4T) (CH8)8T, and this when treated 

• * Ann. Chem, Pharm. cxxiit. 853. * Ih, cxxxiv. 29. 
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with silver oxide and water yields the vinyl base, N(02Hg)^H3)3 
OH.^ The same body was also obtained by Hofmann in a 
similar way from the corresponding bromine compound, which 
latter compound is obtained by the action of ethylene br(^- 
mide on trimethylamino. Baeyer then sug^jested that neurine 
is probably identical with choline as well as with sincaline, 
a base formerly prepared by von Babo and Hirschbrunn as a 
product of decomposition of sinapin, a compound occurring in 
white mustard-seeds (sinapis alba).^ The truth of this sug- 
gestion was soon afterwards proved by the investigations of 
Dybkowski,® and of Claus and Keese.^ 

Wurtz then prepared the base synthetically. He obtained 
the chloride by heating ethylene chlorhydrin with trimethylamino 
and prepared the base itself by bringing a concentrated solution 
of this amine together with ethylene oxide, and allowing the 
mixture to stand for a day : 

C2H4O + HgO + N(Cn3)3 = NrC2H,.0H)(CH3)30H. 

Further experiments of Liebreich then showed that the oxyethyl 
base is only formed when an alcoholic or ethereal extract of 
brain is used. Pure protagon on the other hand yields on 
boiling with baryta-water, the vinyl base to which he restricts 
the name of neurine, suggesting that the oxethyl base should be 
termed 

Choline^ Bilinmrinc, or Oxycthyl 4 Timet}iyl-ammonium Hy- 
droxide, N(C2H40H) (0^3)30 H, is formed as a decomposition- 
product of lecithin, a compound which will be described under 
Glycerinj and which occurs in gall, the yolk of egg, <Src. The 
best method for preparing choline is according to Diakonow^ 
to extract the yolk of egg repeatedly with ether and after- 
wards with warm alcohol. The ether and alcohol are afterwards 
distilled off, the residue boiled for an hour with baryta and 
the excess of baryta precipitated with carbon dioxide, and the 
filtrate evaporated. The residue is extracted with absolute 
alcohol, and the solution precipitated with platinum chloride. 
The precipitate is then dissolved in water, and the platinum 

^ Ann, Chem, Pkarm. cxl. 306 ; cxlii. 322. 

s Ih, Ixxxiv. 10. 

* Jmim. Prdkt, Chem, c. 151. 

^ Ib, cii. 24. 

® Ann, Chem, Pharm, Siippl. vi. 

^ Ber, Devisch, Chem. Ges. ii. 12. 

7 Chem, Centralb. 1868, 140, 169, 575. <. 
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thrown down with sulphiiretted hydrogen. "By the action of silver 
oxide on the choline hydrochloride thus obtained, a strongly 
alkaline solution of the free base is produced, and this, on 
evaporation, remains behind as a syrupy liquid. 

Oxydhyl-trimethyl~amm(miuni Cfdoridc, N(02H40H) (€113)301. 
Like most of the choline salts this is a deliquescent substance, 
crystallizing from absolute alcohol in fine needles. The platini- 
chloride, [N(0gH40H) (CH3)3]^PtCl3, crystallizes from hot water 
in orange-yellow rhombic prisms or tables, and is insoluble in 
alcohol. The aurichloride, N(C2H40H)(CH3)3AuCl4, is precipi- 
tated from the hot saturated aqueous solution in long yellow ' 
prisms. The sulphate is amorphous and very soluble in water 
but scarcely dissolves in absolute alcohol. The carbonate is Very 
deliquescent, and also amorphous ; it has an alkaline reaction, 
and its aqueous solution is not precipitated by alcohol. The 
iodethyl 4 H 7 iut 1 iyl-mimonmm iodide, NC2H4l(CH3)3l, has already 
been mentioned. It crystallizes from alcohol in large glistening 
imperfectly formed crystals resembling those of potassium iodide. 

Choline is not only an ammonium hydroxide, but also 
an alcohol. On oxidation it is converted into oxy-cholinc, 
N(CH2.C02H) (CHjJgOH, a body which will be described under 
the glycol compounds. 

Neurine, or VinyMrirmthyl-ammonium Hydroxide, N(C2H3) 
(0113)3011. This, as has been mentioned, was first discovered 
by Hofmann,^ The free base is only known in aqueous solu- 
tion, and has a strongly alkaline reaction. The platinichloride, 
[N’(C2H3)(CH3)3]2PtCl3, is easily soluble in water, and crystallizes 
in yellow octohedrons, or in five-sided tables which soon become 
opaque, and then on solution in water leave a residue, whilst 
choline platinichloride remains in solution (Liebreich). 


PHOSPHORUS BASES OF ETHYLENE. 

490 The tertiary phosphines of the monad radicals act readily 
on ethylene bromide, giving rise to two series .of compounds, the 
relative quantities of which depend upon the proportions in 
which the bodies are mixed. The compounds obtained from 


•voL. HI. 


' Ann, Chim, Phys, [3], liv, 3.56. 
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triethyl-phosphine will here only be described., thisi 

ethylene bromide yields the following bodies:^ 

- P(C = P(C 2 H,Br)(C,ir ,)3 Br. 

2P(C,H,)3 + 0,H,Br, = P,(C,H,)(C,H,).Br3. • 

BromcthyhtHethyl-plwsplionium Bromide, P(C 2 H 4 Br)( 02 Hg) 3 Br, 
is formed by heating an ethereal solution of triethyl phosphine 
with excess of ethylene bromide. The product, which also con- 
tains the above-mentioned dibromide, is washed -with ether, and 
crystallized from absolute alcohol. It is soluble in water and 
alcohol; and crystallizes in rhombip dodecahedrons. " When its 
solution is treated with silver chloride, and platinum chloride 
added to the hot filtrate, long orange-yellow prisms of the 
compound [P(C2H4Br)(C2Hg)3]2PtClQ are deposited. 

OxyethyUtTuihyl-2^hos2i}wnmm Hydroxide, P(C2H40H)(C2H5)5, 
OH, is obtained by boiling thp bromide solution with silver 
oxide. The strongly alkaline solution dried over sul- 
phuric acid yields a syrup. The base yields with acids well 
crystallizable salts. The hydroxide decomposes, on heating, into 
ethylene, water,* and triethylphosphine. When treated with 
phosphorus pentachloride, the crystalline compound, clihrethyU 
trieihyl-iihoqihonium chloride, N(C2ll4Cl) (02^5)301, is formed. 

Vinyl4riethyUpho^honmm CoMpounds. When broinethyl- 
triethyl-phosphonium bromide is boiled with water and silver 
acetate, and the silver bromide filtered off, and platinum chloride 
added to the concentrated solution, octohedrpns of the vinyl salt, 
[P(02Hg)(C2H5)3]2PtCl3, are deposited. 

Bthylene-hexethyhphosphonmm Dibromide, P2C2H4(C2H5)3Br2, is 
contained in «iother- liquor of the above monobromide. 
It is best obtained in the pure state by heating ethylene bromide 
with an excess of triethylphosphine. It crystallizes in white 
needles. Treated with silver oxide and water it yields a strongly 
alkaline hydroxide having a bitter taste, and drying in a vacuum 
to a syrupy mass. Its salts crystallize well. The chloride 4 s 
very soluble in water, and crystallizes in .large tables. The 
iodide is difficultly soluble in cold water, and separates ^rom^ 
hot solution in fine white rhombic needles. . As it crystaUizea;SO 
easily, and therefore can be easily 'obtained pure, this saljt isweU 
suited for the preparation of other diphosphonium compound^ 
The platinichloride is almost insoluble in water, and separates" 
from hot hydrochloric acid in monoclinic crystals. 

^ Proc, Roy, Soc, x. 100 ; Ann, Chem, Pharm, Suppl. i. 151. 


.» . 
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ARSENIC BASES OP ETHYLENE 

m- , ' 

49Z These compounds are closely allied to the foregoing 
phosphorus bases. 

BromethyUtruthyUarsonmiiii Bromide, As(C. 2 H 4 Br) (02H^)3Br, 
is formed by heating ethylene bromide with tricthylaraine. It 
crystallizes from hot water in rhombic dodecahedrons, and yields 
a finely crystalline platinichloride. By warming the monobromide 
with water and silver oxide a strongly alkaline solutiojL of vinylr 
truihyUareomum hydroxide, As(C2H3)(C2H5)30H, *is obtained. 
The platinichloride of this body crystallizes in fine ootoheSroas. 

Ethylene-hexethyUarsonium IHhromide, As2C2H^(C2H5)3Br2, is 
obtained when the above monobromide is heated with triethyl- 
arsine to 150 ®. . It is converted iy silver oxide and water into the 
hydroxide, the salts of which crystallize woll.^ 

Hofmann has obtained, besides these, a large number of mixed 
ethylene bases containing nitrogen and phosphorus, nitrogen and 
arsenic, or phosphorus and arsenic. These Tbodies are very 
similar in their properties to those already described.^ 


ETHIDENE OR ETHYLIDENE COMPOUNDS. 

492 The radical ethidem or ethylidene does not exist in the free 
state. The oxide has already been described as acetaldehyde, 
CH3.CHO, and it has been stated that the corresponding alcohol 
or ethidene glycol is not known, but that it probably exists iri 
aqueous solution (p. 1 * 3 ). Trichlorethidene glycol,’ or chloral 
hydrate, is, however, known, together with a number of 'other 
ethidene and trichlorethidene compounds which are hereafter 
^ described. 

EiMdem Diethyl Ether j or Acetal, CH3.CH(OC2H5)2. In ex- 
amimhg the products of the slow combustion of alcohol over 
jdatinUm-black Dobereiner found, amongst other products, a 
liifiiid jio wfiich l;ie gave the name of heavy oxygen ether. 
i^^This afterwards investigated in 1833 by Liebig, who termed 
"p-^acetad,^ Stas then found that the same substance is formed when 
chlorine acts upon alcohol, and he it was who first gave to this 

. ^ Hbfinann, Proc. Roy, Soc. xi. 62 ; ^nn, Chem. Pharm, Siippl. i. 306, 

i. 289. . , * Ann. Phamx, v. 25; xiv. 166. 

F* 2 . 
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body its correct formula.^ Its constitution was determfiied by 
Wurtz and Frapolli. They obtained it by treating aldehyde with 
phosphorus pentabromide, and by then acting upon the product, 
which according to their views (p. 72) contained ethideiie 
bromide, with sodium ethylate.^ 

It is also formed by heating alcohol with aldehyde : ® 

CH3.CHO + 2HO.C2Hg = CIT3.CH(0C2H,), + H^O. 


This reaction takes place slowly in the cold, and hence acetal 
forms one of the constituents of crude spirit and is contained 
in the faints obtained in the process of rectification ^ (Part I. 
p. 295). According to Dobereiner it is also contained in old wine. 

In order to prepare acetal, a mixture of two parts of alcohol, 
three parts of manganese dioxide, two parts of water, and three 
parts of sulphuric acid is distilled in a capacious flask until three 
parts have passed over, the distillate dried over chloride of 
Qaloium and rectified, and the portion boiling above 60® collected ; 
this is again dried and then further rectified. On heating with 
strong caustic potash, the aldehyde and ethyl acetate, which it is 
difficult to separate from the acetal, are destroyed; then the 
whole is treated with fused calcium chloride, and lastly purified 
by fractional distillation.® 

Acetal is a mobile liquid having a pleasant fresh smell and a 
nutty after-taste. It boils between 104® and 106®, and has at 
22°*4 a specific gravity of 0’821. It is easily converted into 
aldehyde and acetic acid by means of oxidizing agents. When 
heated with acetic acid it is converted into ethyl acetate and 
aldehyde.® 

Chlorine gives substitution-products similar to those which 
are obtained by the action of chlorine upon alcohol. 

493 Monochlor acetal, CH 2 Cl.CH(OC 2 H 5 ) 2 , is not obtained pure 
in this way, as the substitution easily goes further. It is best 
prepared by treating dichlorether (Part I. p. 3.39) with sodium 
ethylate or absolute alcohol : 

CH 2 Cl.CHCl.OC 2 H, + NaOCgH, - CH 2 Cl.CH(OC 2 H ,)2 + NaCl. 


’ Ann, Ckim, Phys, [3], xix. 146, 

^ Counptcs RmduB, xlvii. 418 ; Ann, Chem, Phat'm, cviii. 223. 

^ Geuther and Alsberg, ih, exxvi. 62. 

* Kramer and Pinner, Ber, Deutjich. Chem, Oes. ii. 401. 

® Wurtz, Ann, Chem. Pharm.,c, 116 ; Ann, Chim, Phys^, [3], xlviii. 870. 

® Beilstcin and Hofacker, Ann. Chem, Plwrm, cxii. 239. • 
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Mon 0 cliloraxietal is a pleasantly-smelling liquid boiling at 
156®*8, and having a specific gravity of 1*0418 at 0°.^ When 
heated with sodium the following reaction takes place : 

* OC,H, 

CH,C1.CH + 2 Na = CH 2 :^CH.Ot) 2 H 5 + NaOC^Hj + NaCl. 
OC,H, 

Vinyl-ethyl ether thus obtained is a mobile liquid boiling at 
35®*6, possessing a peculiar ethereal smell, and having at 14°*5 
a specific gravity of 0*7625. It unites with clilorine again 
to form dichlorether, and it is decomposed by the action of 
dilute sulphuric acid into alcohol and aldehyde/^ 

DichlorcLcetaly CHCl 2 .CH(OCjjng). 2 , is formed easily, together 
with trichloracetal, by the action of chlorine upon alcohol 
(Lieben) and acetal.^ It is an aromatic-smelling, oily liquid, 
boiling at 183® — 184®, and having at 14® a specific gravity of 
1*1383. When heated with sulphuric acid it forms dichloracet- 
aldehyde, CHClg-COH, a heavy, mobile liquid, boiling at 88 ® — 
90®, and converted into acetylene tetrachloride by the action of 
phosphorus pentachloride.^ 

Trichloracetal will be described further on. 

Monoh'omacetcd, CH 2 Br.CH(OC 2 H 5 ) 2 » is formed by the action 
of bromine upon acetal. It is a hejivy not unpleasantly-smelling 
liquid boiling at 170® with partial decomposition.^ 

The above named vinyl-ethyl ether combines with bromine to 
form the dibrom-ethcr which decomposes on heating and which 
when heated with sodium ethylate yields monobromacetal. 

By heating with alcoholic potash it is converted into Hydroxy- 
<mtal, CH 2 . 0 H.CH( 0 C 2 Hfl) 2 , a pleasantly-smelling liquid boiling 
at 167®. The ethyl ether, CH 2 (OC 2 Hg)CH(OC 2 H^) 2 , corresponding 
to this alcohol, is formed when bromacetal is heated with sodium 
ethylate, and is a liquid boiling at 164®, and having an ethereal 
smell (Pinner). 

Ethidene- ethylene Dioxide. ( 02 X 14 ) 202 , is formed, according to 
Wurtz, when aldehyde is heated for several weeks with glycol to 
100 ® : 

^ Lieben, Ann, Chem. Pharm. civ. 114 ; cxlvi. 193 ; Patemb and Mazzara, * 
Ber, Deutwh. Chein, Gea, vi. 1202 ; Klien, Jahreab, 1876, 366. 

• Wielicenus, Ann. Cham. Pharm, cxcii. 106. 

• Pinner, ib. clxxix. 33 ; Krey, Jahresh. 18^6, 474. 

* Patem6, Coniptea Bendua, Ixvii. 466. 

• ® Pinner, LUbijfa Ann. clxxix. 33 ; Krey, Jahresb, 1876, 474. 
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CH 2 .OH CH2.0\ • 

I + CHO.CH 3 = I CH.OH, + H„0. 

CH2.OH CH2.O/ 

It is a pungent but not unpleasantly-smelling liquid, boiling 
82®*5, and at 0® having a specific ^avity of 1 0002, whilst that 
of the vapour is 3'103.^ 

Ethidene Methyl-ethyl Ether, or Methyl-ethyl Acetal, 

CH 3 CH I was obtained by Wurtz by oxidizing a mixture 

of alcohol and wood-spirit with manganese dioxide and sulphuric 
acid. It is a liquid smelling like common acetal, boiling at 85°, 
and having a specific gravity at 0° of 0*8535. 

Ethidene Dimethyl Etlur, or Dimethyl Acetal, CH3.CII(OCH3)2, 
is formed together with the foregoing compound. It has a strong 
ethereal smell, boils about 65°, and at 0° has a specific gravity of 
0*8556. Dancer found this compound in crude wood-spirit.^ 


ETHEREAL SALTS AND ETHERS OF 
ETHIDENE. 

494 Ethidene Bichloride, or Dichlorethane, CH3.CHCI2, was 
first prepared by Regnault by acting with chlorine upon ethyl 
chloride.® By treating aldehyde with phosphorus pentachloride 
both Geuther^ and Wuitz® obtained a compound having 
the same composition but believed to be a body differing from 
Kegnault’s 4 {her hydrochlorique monochlor^e, until Bcilstein® 
showed that the two are in, reality identical. Ethidene chloride 
is also formed by the action of phosphorus chloride on 
paraldehyde.^ 

For the purpose of preparing it from ethyl chloride, the 
vapour of this substance is passed, mixed with chlorine, over 
animal charcoal heated to 250° — 400°.® It is still more simply 
obtained by fractional distillation from the by-products of the 
chloral-manufacture.® 

Ethidene chloride is an ethereal-smelling liquid having a sweet 
and biting taste. It boils at 59°*9, and at 0° has a specific 

1 Comptes lUndus, liii. 378 ; Ann, Ch&ni, Pharm, cxx. 328. 

* Chem, Soc, Joumtrmi, 222. * Ann. Cliim, Phya, [2], Ixxi. 353, 

* Ann, Chem, Pharm, cv. 321. ® Compt, Rcmi, xlv. 1013. 

* Ann, Chem, Pharm. cxiii. 110. ^ Gcuther, Zeitsch, Chem. 1865, 24. 

® DAmoiseau, BvM, Soc. Chim, xxv. 113. 

® Kriimer, Ber, Deutsch, Chem, Gcs. iii. 257. 
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gravity of 1-2044 (Thorpe). It is a very stable compound, and 
may be distilled without alteration over potassium. Heated 
with sodium to 200 ® chlorethylene, acetylene, ethane and ethylene 
are formed.^ It is attacked by alcoholic potash with difficulty. 
Heated with sodium ethylate, it forms chlorethylene, CgHjCl, 
and a little acetal. By the further action of chlorine it yields 
first trichlorethanc or dichlorcthyl chloride, CH3CCI3, and mo 7 io- 
chlorethylene dichloridc, CHgCl.CHCla (p. 41).* The first of 
these is a body resembling ctliidene dichloride, boiling at 74°-5 
and having at 0® a specific gravity of 1*3465. It is attacked by 
alcoholic potash only with difficulty on heating with formation of 
potassium chloride and potassium acetate : 


CH3 CH3 

1 + 4KOH = I + 3KC1 + 2 H 2 O. 

CCI 3 CO.OK 


Higher chlorine substitution-products of these bodies have 
already been described (p. 42). 

Ethidcne Dihromide, CHg.CHBrg, was prepared by Hofmann s* 
by heating ethyl bromide with bromine, and afterwards examined 
by Caventon,^ Reboul,® and Tawildarovv.® 

It is formed also by the action of phosphorus bromochloride, 
PBi-gClg, on aldehyde,^ as well as by heating monobcomcthylene 
with hydrobromic acid (Reboul). It is a liquid which boils at 
110 °, and at 10 ® has a specific gravity of 2129, 

Ethidene Di-iodide^ CH 3 .CHI 2 , is formed, according to Ous- 
tavson, when ethidene chloride is heated with a solution of 
aluminium iodide in carbon disulphide. It is a liquid boiling 
with decomposition at 177® — 179®, and having a specific gravity 
of 2*84 at 0®.® 


f Cl • ’ 

Ethidene Chloi'ethylate, CH 3 .CH | ^ , was obtained by 

Wurtz and Frapolli by passing a current of hydrochloric acid 
into a mixture of aldehyde and absolute alcohol. This compound 
is identical with monochlorether and by treatment with sodium 
ethylate is converted into acetal. 

495 Ethidene Oxychloride, (CHg.CHCl) 20 . This compound. 


^ Tolleus, Ann, Chem. Pharm, cxxxvii. 811. * Stadcl, ih, cxcv. 183. 

* Proc. Roy. Soc, x, 619, ^ CompL Rend, Hi. 1330. 

* lb, Ixx. 398. • Ann. Chem, Phann, clxxvi. 12. 

^ Pateriio and Pisati, Ber, Deulsch, Chem. Ges. v. 289. 

• « Ih, vii. 731. 
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metameric with diclilorether, was obtained by Liebeii/ ty the 
action of hydrochloric acid on well-cooled aldehyde. According 
to Geuther and Cartmell,^ the compound CgHigClgOg is first 
produced, and this may be considered to be paraldeliyde in whidi 
one atom of oxygen is replaced by two of chlorine, and the 
following reaction taking place : 

OCHCI.CH3 

3CH3.CHO + 2 HC 1 = + HjO. 

^CHCl-CHs 

This body decomposes on distillation into aldehyde and ethidene 
oxychloride : 

OCHCI.CH3 CHCI.CH3 

CH,.Cri^ = CH3.CHO + 6 

\ \ 

OCHCLCHs CHCI.CH3. 

Ethidene oxychloride is a liquid boiling at 116° — 117°, and 
having at 12° a specific gravity of 1*1376. When heated with 
water it decomposes into hydrochloric acid and aldehyde, and by 
the action of zinc-ethyl it is converted into secondary butyl 
oxide.® 

f Cl 

Ethidene CMordcetin, CH3.CH •< q qq qjj , was obtained by 

Wurtz, together with acetyl chloride, by the action of chlorine 
upon aldehyde.^ Maxwell-Si mpson prepared it also by heat- 
ing aldehyde with acetyl chloride.® It is a liquid boiling at 
.120° — 124°, having an aromatic smell, is lighter than water and 
only slowly decomposed by this liquid. It dissolves in dilute 
caustic potash with formation of aldehyde, potassium acetate and 
potassium chloride. 

r Br 

Ethidene Bromacetin, CHs-CH q qqqjj > was first prepared 

by Wurtz and Frapolli by treating aldehyde with phosphorus 
pentabromide, and was considered to be ethidene bromide until 
Tawildarow pointed out its true constitution, inasmuch as he 
obtained it by heating aldehyde with acetyl bromide.® It is 
formed according to the equation : 

' Ann» Chehn, Pharm, cvi. 336. * lb, cxii. 18. 

’ Keasel, Ann, Chem, Pharm, clxxv. 44, 

^ Atm. Chim, Phya, [3], xlix. 68. ® PhiU Mag, [4], 'xvii. 195. 

® Ann* Chem. Pharm, clxxvL 12. 
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^GOaCHa + PBfj = O | chShj + 

It boils between 135® and 145® with partial decomposition. 

• Ethidene Diacetate, CH3.CH(0C2H30)2, ia formed by heating 
aldehyde with acetic anhydride/ to 180°, and when alcoholic 
solutions of potassium acetate and chloracetin are mixed together.^ 
It is a liquid having a peculiar smell resembling onions, and 
boils at 1C8°’8, whilst its specific gravity at 12° is 1*061. It i? 
only slowly decomposed by water ; caustic potash decomposes it 
into aldehyde and acetic acid. 


Ethidene Suj.phite Compounds. 

496 In the year 1853 Bertagnini made the observation that 
benz-aldehyde unites with the acid sulphites of the alkali-metals 
to form crystalline difficultly-soluble compounds, and that the 
other aldehydes do the same.® Later on Limpricht found that 
many ketones yield similar compounds/ and as these bodies are 
easily decomposed by acids or alkalis with separation of the 
aldehyde or ketone, they are often employed for the purification 
of the latter bodies. 

It remained doubtful whether common aldehyde yielded such 
compounds, until Bunte showed in 1873 that they exist, and gave 
to them the name of aldehyde sulphurous acid salts.^ These are 
distinguished from those of the aldehydes having a higher mole- 
cular weight, inasmuch as they are very soluble in water, and as 
they decompose at 100° they can only be obtained by slow 
evaporation over sulphuric acid in an exsiccator. They may be 
looked upon as the salts of ethidene sulphurous acid. 

f OH 

CH3 .CH-< qqq When alde- 
hyde is added to a concentrated solution of hydrogen potassium 
sulphite a combination takes place with considerable evolution 
of heat. The salt crystallizes in hard microscopic radiating 

f OH 

needles. Sodium Ethidene S'tdphite, q SO Na 

crystallizes from water in fine laminse having a fatty lustre, 
and is precipitated by alcohol in the form of glistening needles. 

^ Geuther, Ann, Ghem, Phann, cvi. 249. 

2 II. Schiff, Ber, Deutsek. Ghem, Oes. ix. 304. 

’ Ann, Ghem, Pharm, Ixxxv. 179, 268. 

^ Ih, xciiL 238. ^ lb, clxx. 305. 
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The ammonium salt appears only to exist in aqueous‘s solu- 
tion. On evaporation, small needles are obtained having the 
formula C^HyNOgS; these are, therefore, probably the amide 

CH3.CH I Q^gQ • The same compound was also formerly 

obtained by Petersen by the action of sulphur dioxide on 
deliquesced aldehyde-ammonia.* 

COMPOUNDS OP ETHIDENE WITH NITROGEN. 

497 EthMcnc IlydramiTic, CH3.CII-< . This compound was 

first observed by Dbberciner, but investigated more closely by 
Liebig, who termed it aldehyde-ammonia (Vol. HI. Part I. p. 47C). 
When an ethereal solution of aldehyde is saturated with 
ammonia, crystals of this compound are deposited. These have 
an alkaline reaction, and are soluble in all proportions in 
water; they are also very soluble in alcohol but dissolve only 
slightly in ether. When ether is added to the alcoholic solu- 
tion and this allowed to stand, transparent hard glassy rhoni- 
bohedrons are deposited. These melt at 70° — 80°, and may 
bo distilled at 100°. The specific gravity of the vapour at 
160° has been found to be 30 36,^ compared with hydrogen 
as unity. Above 185° decomposition begina Dilute acids 
decompose it with liberation of aldehyde. It is therefore much 
more unstable than its isomeride oxyethylamino (p. 62). It 
possesses a peculiar ammoniacal yet turpentine-like smell, and 
it is decomposed in contact with air, especially in presence of 
light, becoming first yellow, then brown, and after a time deli- 
quescing. On heating it evolves a smell like that of burning 
animal matter. On passing sulphur dioxide into its aqueous 
solution Redtenbacher ^ obtained small needles of the compound 
CgHyNOgS, which is isomeric with taurine, and with the above 
named ethidene sulphamide. This body is much more easily 
soluble in water than the last compound, and much less stable. 
It decomposes when heated to 100° (Bunte), and on recrystalliza- 

^ Ann. Chem. Phami. cii. 317. 

2 Schroder, Ber, Deutsch. Cheifu Ges. iv. 470. 

* Ann. Chem. Pharm. Ixy, 40. * • 
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tion. Its constitution is probably represented by one of the 
following formula) : 

Ethidem Imido-Silver Nitrate, 2(01X3. CH.NH)2AgN O3 + HgO, 
was first prepared by Liebig/ and its composition was ascertained 
by Liebermann and Goldschmidt/ and by Mix ter.* It is obtained 
when an ammoniacal alcoholic solution of aldehyde is preeijn- 
tated by silver nitrate. The crystalline precipitate is not very 
soluble in water, and deposits a metallic mirror on boiling. If 
this compound be dissolved in ammonia and allowed to evaporate 
in a vacuum over sulphuric acid, it separates in monoclinic 
crystals. 

Silver sulphate gives a variety of crystalline compounds with 
aldehyde-ammonia.^ 

An alcoholic solution of aldehyde-ammonia undergoes altera- 
tion when allowed to stand for some time, and this takes place 
quickly on heating, a series of bodies being formed to which 
the name of aldehyde Ioms or aldincs has been given, and of 
which the following have been described : 

Hydracetamido, C^jHjgNg. 

Oxy trialdine, CgHijN O. 

Oxytetraldine, C3H13NO. 

Oxypentaldine, O. 

These bodies arc amorphous, and form salts of which only a few 
are characteristic.® 

498 Thialdinc, C^,Hi3NS2, was discovered in 1847 by Wohler 
and Liebig, who obtained it by the action of sulphuretted hydrogen 
on an aqueous solution of aldehyde-ammonia.® It crystallizes 
from ether containing alcohol in large highly-refracting’mono- 
clinic prisms (Rammelsberg) melting at 43 ®, and having a 
peculiar aromatic smell, which after a time becomes unpleasant. 
It volatilizes slightly at the ordinary temperature, and is 
readily volatile in aqueous vapour. When heated by itself it 
undergoes decomposition. It is a monacid base. Its salts 

' Ann, Pharm, xiv. 146. 

• JBer, Dmtsch, Chenn. Ges, x. 2179 ; xi. 1198. 

• Sillim, Amcr. Joum, [3], xiv. 196. 

^ Mixter, ib, [3], xvii. 427. 

® Schilf, Arm, Chem, Pharm, Suppl. vi. 1 ; Von Babo, /owr??, Prakt^ Chem, 
Ixxii. 88 ; Heintz and Wislicemis, Pogg, Ann, cv. 577. 

® Ann, Chem. Pharm, lix. 296. 
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crystallize well, and have been investigated by W6hle» and 
Liebig,* as well as by Brusewitz and Cathander.® 
Methyl-thialdine Hydriodide, CgHi2(CH3)NS2, HI, is a crystal- 
line body obtained by the action of methyl iodide on thialdine.® 
It is slightly soluble in water, and dissolves more readily in 
alcohol.® 

Thialdine has probably the following constitution : 


CH, 


.hr 




CH3— CH CH— CH3 

\/ 

NH. 


Sele^ialdine, C3Hi3NSe2, is obtained by the action of selen- 
iuretted hydrogen on a solution of aldehyde-ammonia. It 
forms small crystals, and the solution gradually decomposes on 
exposure (Wohler and Liebig). 

Carhotliialdme or jOi^thidem-ammonium Thiocarbamate, 


on evaporating sulphide of carbon with an alcoholic solu- 
tion of aldehyde-ammonia. These are difficultly soluble in 
alcohol, and scarcely soluble in water.* It is also formed by the 
action of aldehyde-ammonia on ammonium thiocarbamate.® It 
acts as a weak base. Its solution in hydrochloric acid easily 
decomposes, with formation of sal-ammoniac, aldehyde, and 
carbon disulphide. If its solution be treated with ferric chloride, 
ferric thiocyanate is formed slowly in the cold but quickly on 
warming. If, however, hydrochloric acid be present, then not 
only ferrous chloride and aldehyde are formed, but a white 
crystalline powder is thrown down, having the composition 
S2(CS.NH2)2.® This is identical with the compound discovered 
by Zeise, and termed hydranzothin, obtained by him by acting 
upon ammonium thiocyanate with chlorine water or a mixture of 
hydrochloric acid and ferric chloride.^ 

* Ann, Chcm, Pharm. Ixi. 1. * Joum, PrakU Chem. xcviii. 315. 

^ Hofmaun, Ann, Chem, Phann, ciii. 93. 

* Liebig and Redteubacher, ih, Ixv. 43. 

^ Mulder, &>, clxviii 235. 

* Guaresclii, Bcr, DeiUsch, Chem, Gee, xi. 1383. 

^ Ann, Chem, Pharm, xlvii. 36. 
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499 Ethidene Acetamide, CH3.CH(NH.C2H30)2, is formed by 
heating aldehyde with acetamide. It crystallizes in large prisms> 
which are decomposed by acids with formation of aldehyde.' 

• Ethidene Cyanuramide, C3Ng(N.CH.CH3)3 + H2O, is obtained 
by the action of cyanamide on aldehyde. It forms a resinous 
mass, which is precipitated from alcoholic solution by chloroform 
in scales. It is insoluble in bisulphide of carbon, and possessei^ 
the same coefficient of refraction as that liquid' and for this 
reason it cannot be seen when it is suspended in it.“ 
Ethidenc-Biuret, C^H^NgOg, wa& discovered by Wohler and 
Liebig, and obtained by passing the* vapours of cyanic acid 
into aldehyde. It was first called trigenic acid, probably 
because it contained three molecules of cyanic acid. The 
action of these bodies on one another is extremely energetic ; 
carbon dioxide is evolved with almost explosive violence unless 
ice bo added. The cyanic acid in the latter case is, however, but 
slowly absorbed, and then if the liquid be allowed to remain at 
the ordinary temperature, a quiet evolution of carbon dioxide 
takes place, which, like that of a fermenting liquid, lasts for 
some days, until at last the half-solidified mass forms a syrup 
from which crystals are deposited. The product, which contains 
cyamelide (Vol. I. p. 671) and aldehyde-ammonia, is boiled with 
hydrochloric acid until aldehyde is evolved ' It is then filtered 
off, when on cooling trigenic acid separates out. It has a 
slightly yellow colour, and is purified by re-solution and warming 
with animal charcoal. It crystallizes in small white stellar 
needles, which have a faint acid taste and smell: When silver 
nitrate is added to the solution, and then ammonia gradually, 
the silver compound, C4H3AgN302, separates out as a crystalline 
powder * (Liebig and Wohler). Trigenic acid probably possesses 
the following constitution : 

NH— CO 

/ \ 

CIL.CH NH. 

\NH— CO/ 


^ Tawildarow, Ber, Deutsch, CJiem, Oea, v. 477. 
Knop, Ann. Chem. Phami, cxxxi. 253. 
lix. 296. 
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COMPOUNDS OF TRICHLORBTHIDBNE. 


500 TriMorethidene Alcdhol,GC\,CQ.(fi'B.)^ has already bi^n 
described as chloral hydrate (Vol. III. Part I. p. 639), This body 
is obtained by the union of chldral (trichlorethidenCoxMefwitb* 
water. Although it appears to undergo no change on distillation^ 
it is converted by heating^nto its jconstituents, as is proved by 
the specific gravity of its vapour. Various chemists have, however^ 
questioned this fact ; and it has been the subject of a lively dis- 
cussion in which the question of the constitution of this chloral 
hydrate was of less consequence than the question of the truth 
of the general applicability of Avogadro's law^ according to 
which ^equal volumes of diiferent gases contain, at the same 
temperature and pressure, equal numbers of* molecules.^ 

The result of this experimental discussion has been to prove 
that the vapour of chloral hydrate is a mixture. That this is 
the case is shown by the following facts. In the first place 
Wurtz found that the vapours of chloral and water may be 
brought together without any evolution of heat being notice^ 
and hence undergo no chomical combination.^ Then WiederDw ' 
and Schulze® showed that the vapour of the hydrate when allowed 
to diffuse, behaved as a mixture of aqueous vapour and chloral 
vapour, and not as a homogeneous gas. Lastly Naumann has 
proved the dissociation of chloral hydrate, inasmuch as he 
has shown that the substance partially decomposes, on frac- 
tional distillation, into chloral and water. According to these 
facts, then, it might be supposed, according to the old idea, 

. that chloral hydrate is a mdlecular compound, that is to say, 
a compound in which the water is contained in the same 
state of combination as the water of crystallization in salts. 
That this is, however, not the case is seen from the reactions of 
ihe following similarly constituted compounds and of other 
bodies. - 

Trichlorethidene Ethyl Ether, CCl3.CH-| qq . This body, 

which is usually teMned Chloral Alcoholate,i%, as has been stated, 
the last product of the action of chlorine upon alcohol (Vol. III. 

. Part I. p. 638)> and is formed with evolution of heat when 

^ Vol. I. 88-70, ® Compt, Reiid, Ixxxix. 190. 

* Pogg. Ann,. [2] vi. 293. 
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chlor£^ and alcohol are brought together. It is difficultly 
soluble in cOld water, but dissolves readily in alcohol, and 
jj^rystallizes in white prisms^ which according to Liebig melt at, 
4(^jibut according to Jacbbsen at 56°. It boils at 115° — 116°, 
d^ompQsing into chlortd and alcohol, as is shown by the specidc 
gravity of the vapour,, which is 3*49,^ and hence it behaves like 
chloral h]rd^^. That it is not, however, a mole^Iar compound 
in which tjhie alcohol plays the part of water of crystallization 
hes been shown by Henry. If the #)wipposition were correct, 
it must, when treated with phosphorus pentachloride, decompose 
into a mixture of pentachlorethane and ethyL chloride, whereas 
, tetrachlorether is in fact formed.^ 

Chloral not only combines with common alcohol, but also 
wiih other alcohols, with mercaptan, with the glycols, with chlor- 
l^rins,? &c. * 

Tmhlcrrethi^ ^Siethyl Ether ox, Trichloracetal exists in the 
; two folio wing modifications : 

v; CCVCCl(OCA)r CCl3.CH(OC,H0,. 

The first of these is formed by the continued action of chlorine 
iwpn alcohol or acetal, and crystallizes from alcohol in white 
v^nio^pclinic prisms melting at 83°, and volatilizing in the vapour 
of waiter, and boiling with slight decomposition at 230°,^ 

The second compound was discovered by Wurtz and Vogt, who 
obtained it by heating tetrachlorether and alcohol together : * 

CClj-GHClCOCgHJ + HO.C^Hg = CClg-CHCOC^Hg)., + HCL 

< It is'also^formed in the preparation of chloral," and is a liquid 
tboilingat 204°*8, and having a specific gravity at 0° of 1’2813.^ 

• Concentrated sulphuric acid decomposes it with evolution of 
chloral. 

Pm^acfe/oracetoZ,CCl 3 .CH| OC^Hfci ' found by Fricdel in 

the residues of the preparation of chloral. It is a liquid boiling at 
186°— 189°, and is not attacked by caustic potash. When heated 

^ ^ B&, Devtsch.' Chem, Ges. iii. 909. 

* Jh, iv. 101 and 436. » 

* Martins and Mendelssohn, ih. iii. 445 ; Henry, ih. vii. 702 ; Jacobsen, Ann. 
Chxm. PTuirm. clvii. 243. 

* Patem6, ih. cl. 253 ; Krey, Jahresh. 1870, 474. 

® CtmpU Rend. Ixxiv. 777. * .. ■ 

® Lieben; Ann. Chem. Pharm. civ 114; lJ 3 "rtsson, Compt. Rend. Ixxvii. 2/3* 

^ ^ Paterno and Pisati, Jahresh. 1872, 303. 
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with solid' caustic potash, the compound CClg — | 00*1^01 

. is obtained, boiling between 153® and, 159®.^ 

Trichlorcthidcne Ethyl Acetin, CCI3 .CH {oc!h!o’ “ 

by acting upon acetyl chloride with chloral-alcoholate, and it is 
a pleasantly smelling liquid boiling at 198®, and having at 11® a 
specific gravity of 1’327.^ 

r Cl . • 

TruhloTetlvulen& Chlorat^eUn, CCI3.CH < qq ^ q, is obtained 

by the action of acetyl chloride on chloral or chloral hydrate. It 
is a liquid boiling at 185®, and having at 17® the specific gravity 
14761 (Meyer and Dulk). 

Trichloreihidene Eiacetate, CCl3.CH(0C2H30)2, is obtained by 
heating together chloral and acetic anliydride for many hours to 
150®. It is a peculiarly smelling liquid, boiling at 221® — 222®. 
and having a specific gravity of 1*422 at 11® (Meyer and Dulk). 

501 TrichloQ'elhide'm Sulphite Compounds, Like other alde- 
hydes, chloral also combines with the acid sulphites of the 
alkali-metals to form crystalline compounds. The potassium salt, 
C2Cl3H(0H)S03K, crystallizes in glistening laminae,® diflScultly 
soluble in cold water. This salt is also formed when the normal 
sulphate is used, but the solution must then not be warmed, as 
compounds free from chlorine are then produced.^ 

Trichlorethidene Thiohydrin, (CCl3.CH.OH)2S, is formed by 
the action of sulphuretted hydrogen on an ethereal solution of 
chloral, or on an aqueous one of chloral hydrate. It is insoluble 
in water, crystallizes from chloroform in rhombohedrons, has a 
peculiar mercaptan-like smell, and melts at 127® — 128®, with 
partial decomposition.*'^ 

TrUhlorethideve Hydramim, COI3.CH | ^ jj . This body, 

commonly called chloral-ammonia^ is formed by the action of 
ammonia on w^ell-cooled chloral.® In order to prepare it, chloral 
is dissolved in chloroform, and ammonia led into this liquid, well 
cooled in a mixture of ice and common salt.^ It crystallizes in 
white needles which melt at 62® — 64®. It is almost insoluble in 

^ Ber, Dcntsch, CKevi, Gcs. viii. 642. 

^ Meyer and Dulk, Ann. Ckcm, Bhamx. clxxi. 69. 

* Staclelcr, ih. cvi. 263. ^ Rathke, ib. clxi. 164. 

® Hagemaim, Ber. Dcntscti. Chem. Gts, v. 154 ; Wyss, ib, vii. 211. 

® Sti^eler, loc. cit. ; Personne, Ann, Chem. Pharm. olvii. 113. 

7 li. Schiff. Ber. Jhutsah. Chem. Ges. x. 165. 
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cold wfiter, and hot water decomposes it with formation of 
chloroform and ammonium formate. 


CCI3.CH ( S(C,H3)H, 


IS 


JTricklorethidene Ethylhydramine, 

formed by the action of anhydrous ethylamine on chloral. A 
white crystalline mass is thus produced, which, on heating, decom- 
poses into ‘chloroform and ethyl formamide^ (Vol. III. Part L 
p. 406). 

f OH 

Trkhlorethidenc Hydracdamide^ CCI3.CH | 

tamide and chloral combine together with evolution of heat- 
giving rise to the above-named body.^ It also occurs when 
chloral-ammonia is treated with acetyl chloride (Schiff). It 
crystallizes from hot water in rhombic tables, which melt at 
156°. When heated with acetyl chloride for some hours to 120°, 

OCAO 


the compound, CCI3.CH 


/ OGJiS 

I N{C A 


, 0 )H- 


is formed. This crys- 


tallizes from hot acetic acid in transparent prisms, which melt at 
117° — 118°, and are decomposed by hot water into the foregoing 
compound and acetic acid (Schiff). 

TricMorethidcne JHacetamide, CCI3.CH | 

by heating chloral with acetonitril. It is difficultly soluble in 
water and alcohol, and crystallizes from acetic acid in glistening 
needles, which, when heated, sublime without previous fusion.^ 

2^7'tfCh/lof€t?biid€Tii6 TTvcctf CO N^H^CH(OH)CCl^ * This sub- . 

stance is formed by the action of chloral on a solution of urea. 
It forms hard rhombic crystals, easily soluble in hot water. 
When an excess of chloral is added to a saturated soluticfu of 


urea, the compound, CO I insoluble in water, 

is produced. This crystallizes from alcohol in small six-sided 
tables, or in large flat pearly needles. 

The amido- compounds of trichlorethidene are not attacked by 
dilute acids, but are easily decomposed by alkalis, with formation 
of the same products as are yielded by the substances from whicli 
they have been obtained. Thus, for example, the acetamide 
compound yields chloroform, ammonia, potassium formate, and 
potassium acetate (Jacobsen). 

J Hofmann, Ber, Deulacli, Chem, Oea, v. 247. 

Jacobsen, Ann. Chem, Pharm. clvii. 244 ; Wallach, Ber, Deutsch. Cheni, Oea, 
» Hiibner, ib, vi. 109 ; Hepp, ib, x. 1651. 

VOL, HI. G* 
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Glycollic Acid ok Oxyacetic Acid, CH2(0H)C02H. 

502 This substance was obtained by Strecker in. 1848, by 
acting with nitrogen trioxide on glycocoll (amido-acetic acid).^ It 
was afterwards more carefully examined by himself and Socoloff, 
having been prepared by them from hippuric acid (benzoyl 
amido-acetic acid).^ Although Strecker must be looked upon as 
the discoverer of glycollic acid, it is interesting to learn that so 
early as the year 1806 it had been noticed by Berzelius, who 
found it in the acid residues obtained in the preparation of ethyl 
nitrite by Black’s method (Part I. p. 357). He, however, thought 
that this acid was malic acid. The next step in the history of 
glycollic acid was made by Debus, who showed that it is produced 
together with oxalic acid, its aldehyde, and other products by 
the moderate action of dilute nitric acid on alcohol.® Wurtz then 
obtained this acid by the oxidation of ethylene alcohol,^ and 
Kekul(5 found that it can be readily prepared by heating aqueous 
potassium chloracetate.® 

Glycollic atid also occurs in unripe grapes, but it disappears 
during the process of ripening,® being, in all probability, trans- 
formed into tartaric acid. It is also found in the green leaves of 
the Virginian creeper.^ 

Debuses method for preparing glycollic acid has been improved 
by Lautemann ® and Drechsel.® Instead of exposing alcohol to 
gradual oxidation with nitric acid, it is better to use the mother- 
liquors from the manufacture of fulminating mercury. Cloez 
was the first to observe that an acid occurs in this liquid, to 
which he gave the name of homolactinic acid.^® Dessaignes sug- 
gested that this was glycollic acid,^^ an idea confirmed afterwards 
by Fahlberg.^® According to this latter authority, the mother- 
liquor contains at first little or no glycollic acid, but this is 
formed in large quantity when the liquid is allowed to stand for 
some time at a temperature of 25®. The mercury which is still 

^ Ann, Chem, Plurnn, Ixviii. 55. * Ih. Ixxx. 84. ® Ih, c. 1. 

^ Coynptes Itendns^ xliv. 1306 ; Ann. Cheni. Phami, ciii. 367. ® Ib, cv. 286. 

• Krlenmeyer and Hoster, Jahresh, 1864, 359 ; 1866, 373. 

7 Gorup Besanez, Ann, CJicm, Phartn, clxi. 229. 

® Kolbe,* Lchrh, Org, Cheni, i. 678. 

® Ann, Chein, Phann, cxxvii. 150. Ih, Ixxxiv. ^82. 

lb, Ixxxix. 339. Jotmi, Prakt, Chem, vii. 329. 
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containdd in solution is then thrown down by sulphuretted 
hydrogen, a large excess of milk of lime added to the filtrate, 
this boiled and filtered hot, and the filtrate treated with carbon 
difKxide in order to separate the lime. On concentrating tlie 
solution, calcium glycollate is obtained, and this can be purified 
by recrystallization. In order to obtain the free acid, the lime 
salt is decomposed by an excess of oxalic acid and the boiling 
liquid saturated with lead carbonate, the solution of the lead 
salt precipitated by sulphuretted hydrogen, and the acid solution 
filtered off from the lead sulphide. 

The two glucoses, dextrose and levulose, are easily oxidized 
in aqueous solution by silver-oxide, with formation of carbon 
dioxide, glycollic acid, and oxalic acid. This reaction may bo 
employed for the preparation of glycollic acid. For this pur- 
pose a mixture of the two glucoses is prepared by boiling one 
part of cane sugar with twenty parts of a 2 per cent, sulphuric 
acid for two hours with a reversed condenser, and then re- 
moving the sulphuric acid by barium carbonate. The filtrate 
is added to a warm moist mixture of two parts of calcium 
carbonate and the oxide prepared from ten parts of silver 
nitrate. After a few minutes an evolution of carbon dioxide 
begins, and as soon as this has ceased, the mixture is warmed 
to 50 ® as long as any gas is evolved. It is then filtered, and 
the glycollate allowed to crystallize. One hundred parts of 
sugar give thirty parts of the dry salt. The addition of calcium 
carbonate at the commencement of the operation serves the 
purpose of keeping the solution neutral, as, if it becomes acid, 
the glycollic acid is readily further oxidized to oxalic acid.^ 

503 Glycollic acid may also easily be obtained from monochlor- 
acetic acid, as, on boiling this with caustic soda, sodium glycollate 
is formed : 

CHgCLCOgNa + NaOH = CH2(0H)C02Na + NaCl. 

A concentrated solution of sulphate of copper is added to the 
hot solution, and the difficultly soluble copper glycollate thrown 
down. This may be purified by recrystallization, and decomposed 
by sulphuretted hydrogen. 

According to Fittig, glycollic acid is most easily prepared by 
heating a 6 per cent, solution of chloracetic acid for some days 
in connection with a reversed condenser, and concentrating the 
product by evaporation.^ 

**Kiliaiii, Ann, Chem, Pharm. ccv. 191. * Liebig’s Annahn, ccv. 191. 

G* 2 
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Gly collie acid separates from . syrupy solution in Aellated 
needles, and from solution in alcohol or ether in line laminae, 
which melt at 80®, and are unalterable in the air. If the aqueous 
solution be evaporated too far, some glycollic anhydride, a body 
which will be afterwards described, is formed, and if it be crystal- 
lized from alcoholic ether, some ethyl glycollate is also produced. 
Both of these products either prevent the crystallization of the 
acid, or render it deliquescent in moist air, and hence it was 
formerly assumed that two isomeric glycollic acids exist.^ 

By the action of pliosphoriis pentachloride on glycollic acid, 
glycolyl chloride is formed, a body which has been already 
described as monchloracetyl chloride (Part L p. 535). 


The Glycollates. 

504 The salts of oxyacetic acid are easily soluble in water, 
and crystallizable. Of these the following are the most 
characteristic. 

Calcium Glycollate, crystallizes by spontaneous 

evaporation of its solution in stellar silky needles, containing 
4 molecules of water, and dissolving at 15® in 80 and at 100® 
in 19 parts of water. It separates from the hot solution on 
cooling in crystals which contain 3 molecules of water, and 
on evaporating at 100 ® large transparent hard crystals are 
obtained, which are only soluble with difficulty in water. 

Lead Glycollate, (C 2 H 303 ) 2 Pb, is obtained from acid solution in 
glistening monoclinic crystals, which dissolve at 17® in 31 parts 
of water. When the neutral solution is boiled, or if a glycol- 
late be precipitated with acetate of lead, a basic salt, having the 
formula (C 2 H 303 Pb) 20 , separates out in stellar needles which 
require more than 10,000 parts of water to dissolve them. 

Copper GlycoUate, forms blue crystals, which 

dissolve in 134 parts of cold, and are more easily soluble in 
hot, water. 

Silver Glycollate, is a curdy precipitate, which after 

a time becomes crystalline. It dissolves in hot water, with partial 
decomposition and blackening. 


' Eolbe, Ann. Chem, Phartn. cxxvii. 159. 
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Ethers and EtheiI&a.l Salts of Glycolyl. 

505 Ethyl Glycollate, 0,11303(02115), is formed by heating 
ethyl chloracetate with anhydrous sodium acetate and alcohol : ^ 

OH2OI.OO2O2H5 + C 2 H 302 Na + O2H5.OH = 

4- 02H302(02H5) + NaCI. 

In place of sodium acetate, sodium glycollate may be used 
when of course no ethyl acetate is formed. 

It may be more readily obtained by distilling a mixture of 
calcium glycollate and potassium ethyl sulphate (Fahlberg). 

It is a pleasantly smelling liquid, soluble in water, and de- 
composing quickly in contact with this liquid, especially on 
heating, into glycollic acid and alcohol. According to Hcintz it 
boils at 155°, whilst Fahlberg gives the boiling point at 150°, 
and Schreiner at 160°. At 0° it has a specific gravity of 
1 1074. 

The following ethers have also been prepared : * 

B.r. Sp. Gr. atO*. 

Methyl glycollate, €211303(0113) 151° 11862 
Propyl glycollate, €211303(03117) 170° 1’0837 

Ethyl-glycollic Acid, €H2(0€2H5)€02H. This body, isomeric 
with ethyl glycollate, is also termed oxyethykicdic acid and 
ethoxacetic acid. In order to prepare it 30 grams of sodium are 
dissolved in 500 grams of absolute alcohol, and an alcoholic 
solution of 60 grams of chloracetic acid added to it, and the 
whole heated to boiling. The liquid is filtered from the sodium 
chloride which separates out, the alcohol removed by distillation, 
and the residue warmed with 69 grams of copper sulphate. The 
residue, obtained on evaporation, is a mixture of sodium 'sul- 
phate and copper ethyl-glycollate, [€2H2(€2H5)03]2Cu-f 2H2O, 
from which the latter salt is obtained on extraction with hot 
alcohol, it separating out on cooling in small blue needles. It 
is easily soluble in water, and crystallizes in large rhombic prisms. 
On treating its aqueous solution with sulphuretted hydrogen 
and distilling the filtrate, ethyl-glycollic acid passes over at about 
190°, this being mixed with a small quantity of glycollic acid, 
paraformaldehyde, and ethyl-glycollic ethyl ether. It is a 
colourless, strongly acid liquid boiling at from 206° — 207® 

^ Heintz, Ann, Chem, Pharm. cxxiii. 325. * Pogg* Ann^ cxiv, 440. 

• * Ann, Chpm, Pharm, cxcvii. 1. 
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(Henry). On heating it with phosphorus iodide, glycoHic acid 
and ethyl iodide are formed.^ Phosphorus trichloride does not 
attack it in tbe cold, but, on heating, ethyl-glycolyl chloride is 
formed, CH.j(OC2H5)COCl. This is a mobile, heavy liquid, 
boiling at 127® — 128®, fuming slightly in the air, and attacking 
the eyes violently.^ 

Ethyl Ethoxaceiaie, CH2(0C2H5)C02(C2Hg), is obtained by 
heating sodium ethyl-glycollate with ethyl iodide and alcohol,* 
as well as by allowing etliyl chloracetate to drop into an alcoholic 
solution of sodium ethylate.^ The ether, obtained by fractional 
distillation, is an easily mobile liquid, having a pleasant mint- 
like smell and a sweetish taste. It boils at 158® *4, and at 0® has 
a specific gravity of 0*9996, that of its vapour being 4*56. 

In addition to these, many other compounds^ and ethers 
(Schreiner) having an analogous constitution to ethyl-glycollic 
acid are known. 

Acetoglycollia Acid, or Acetoxacetic Add, CH20(C2H30).C02H, 
is not known in the free state. Its ethyl ether is formed by 
heating ethyl chloracetate with anhydrous sodium acetate. It is 
a liquid having a faint fruit-like smell, and boiling at 179®. 
When it is treated in the cold with milk of lime, it forms the 
easily soluble calcium aceioglycollatc, (C4H502)2Ca -h 2H2O, crystal- 
lizing in small prisms, and yielding on boiling with milk of lime 
the calcium salts of acetic and glycollic acids,® 

The hydrogen in the alcoholic hydroxyl of glycollic acid may 
be replaced by other acid radicals, and in these cases also the 
ethers and salts but not the free acids are known. ^ 

As glycollic acid is at once an alcohol and an acid, two mole- 
cules of it can unite with elimination of water and formation of 
compound ethers (p. 84). 

506 Glycoglycollic Acid, CH2(0H)C02.CH2.C02H. This com- 
pound, which is at the same time an acid, an alcohol, and an 
ether, is usually called glycollic anhydride. It is formed on 
heating glycollic acid, or by exposing this for many days to the 


1 Heintz, Togg, Ann. cix. 331 ; cxi. 552 ; cxiv. 469. 

* Henry, Ber. Dentsch. Chem. Ges. ii. 276. 

* Heintz, Ann. Chem. Pharm. cxxix. 39 ; Geuther and Wackenroder, Zeiiach. 
Chem. 1867, 705. 

^ Schreiner, loc. cit. 

^ Heintz, loc. cU. and Ann. Che^n. Pharm. exxx. 257 ; Joum. Praht. Chem. 
Ixxviii. 124, 174 (?) ; Ixxix. 233 ; Siemens, Chem. Centralb. 1862, 17. 

* Heintz, Amt. Chem. Pharm. cxxiii. 325 : Gal, ib. cxlii. 370 ; Comvtee Benidus, 
Ixiii. 1086. 

^ Heintz, Ann. Chem. Pharm. cliv. 257 ; Gal, loc. cit. ^ 
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actioD^of the vapours of sulphur trioxidc. On washing it with 
water it remains as a white powder which is insoluble in ether, 
alcohol, and cold water, whilst on boiling it forms glycollic acid, 
^t is also dissolved by fused glycollic acid, and this explains the 
fact, noted on page 84, of the anomalous behaviour of fused 
glycollic acid (Fahlberg). 

Glycolide, C4H4O4, was first prepared by Dcssaignes by the 
dry distillation of tartronic acid, CH(0H)(C02H)2.^ It is also 
formed on strongly heating glycollic acid, but most readily by 
heating potassium monochloracetate to 150°. 

CH2CI NaOCO CHo— 0— CO 

I +1=1 I + 2NaCL 

CO.ONa CICH2 CO— 0— CH2 

It is also formed by the action of bromacetylbromiae on 
sodium acetate.® It is a white amorphous powder, insoluble 
in cold water, melting at 220°, and combining with water to 
form glycollic acid, and with alcohol to form the ether. 

Glycolide, as is seen from its mode of formation, is a double 
ether in which the radical glycolyl is contained twice, and both 
of these act at once as alcohol radicals and as acid radicals. 

Diglycollic Acid, ©(CHg. C02H)2. This dibasic acid, which 
also acts as an ether, was first known as paramalic acid, 
as it is metameric with malic acid. Heintz was the first to obtain 
it, together with glycollic acid, by heating chloracetic acid with 
caustic soda,^ and Wurtz afterwards showed that it is obtained 
by oxidizing diethylene glycol.® The same substance is formed in 
large quantity when chloracetic acid is heated with the hydroxides 
of the alkaline earths, whilst caustic alkalis and other metallic 
hydroxides chiefly yield glycollic acid.® In order to prepare it in 
this way, monochloracetic acid is boiled with an excess of milk of 
Ume, and the filtrate treated with carbon dioxide and concentrated 
somewhat ; on addition of alcohol the calcium salts of glycollic 
and diglycollic acids separate out, and these may be readily 
separated by recrystallization, calcium diglycollatc being less 
soluble in water than the glycollate. In order to prepare the 
free acid, the calcium salt is converted into the insoluble lead 

^ Ann, Chem. Pharm. Ixxxix. 339. 

® Kekul4, ib, cv. 286 ; Tschemiak and Norton, Bull. Soc, Chim. [2], xxx. 102. 

’ Naumann, Ann, Chem, Pharm, cxxix. 275. 

^ Pogg, Ann, cix. 470 ; cxv. 2S0. 

® Comptes Bendua^ li. 162 ; An'o, Chem, Pharm. cxvii. 136. 

• Schreiber, Jmm, Prakt, Chem, [2], xiii. 436 ; Heintz, Ann. Chem, Pmrm, 
^liv. 91. 
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salt, and this decomposed by sulphuretted hydrogen.^ It crystal- 
lizes from water, in which it is easily soluble, in large transparent 
rhombic prisms containing one molecule of water, which is 
driven off completely at 100®. The anhydrous acid boils at 140^. 
and solidifies again to a crystalline mass on cooling. On heating 
with hydriodic acid, it is decomposed into acetic and glycoUic 
acids, which latter, when an excess of hydriodic acid h present, 
is reduced to acetic acid. 

Diglycollic acid forms both acid and normal salts. Those of 
the alkali metals are soluble ; those of the other metals dissolve 
only with difficulty. 

Calcmni Bigly collate y C4H405Ca, is scarcely soluble in cold 
and only slightly soluble in hot water. On cooling the solution 
it crystallizes in long glistening needles, which contain 6 molecules 
of water. On allowing the solution to evaporate slowly, a salt 
crystallizes out containing 3 molecules of water, and it can also 
be obtained witli 1 , 4, or 5 molecules of water.^ 


SULPHUR COMPOUNDS OF GLYCOLYL. 

507 Thioglycollic Add, or Mercapto^aeetic Acid, CH2(SH)C02H, 
is obtained by the addition of chloracetic acid to an aqueous 
solution of potassium hydrosulphide. The potassium salt, 
separated from potassium chloride by crystallization and treat- 
ment with alcohol, is decomposed by sulphuric acid, and the acid 
extracted with ether. It is an oily colourless liquid, soluble in 
water, and having but little smell. As an acid and a mercaptan 
it can form three series of salts,® as well as different compound 
ethers.^ Thiodiglycollic Acid, S(CH2.C02H)2, and Dithioglycollic 
Acid, 82(0112.00211)2, have also been prepared.® 

508 Thetme Compounds, These bodies, which correspond to 
the sulphine compounds (Part I. pp. 158 and 384), have been 
investigated by Orum-Brown and Letts.® Their bromides are 
formed by heating bromacetic acid with the sulphides of the 
alcohol radicals : 

* Ann, Chem, Pharm, cxlir. 91. 

^ Mohs, Zeitsch, Chem. 1866, 495. 

* ClaesBon, Ann. Chem, Pharm, clxxxvii. 113. 

* Erlenmeyer and Lisenko, Zeitsch. Chem. 1862, 134 ; Claesson, Ber, Deutech, 
Chem. Gee, viii 120. 

' * Schulze, ZeUeeh, Chem, 1865, 73 ; Schreiber, Journ, PraJet. Chem, [2], xiii. 
472 ; Andreasch, Ber, Ikutsch, Chem, Gee, xii. 1390 ; Claesson,' ib. xiv. 409. 

* JSdin, Phil, Trane, xxviii. [2], 571. ^ • 
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CHjBr 

I 

COjH 


+ S(OH,), 


Dimethyl Thetine Bromide. 

CH^(GH,)jBr 

tojH. 


The compouuds thus obtained are easily soluble in water, 
and ciystallize from alcohol in large transparent rectangular 
tables. 

/\ 

Dimethyl Thetine^ CO 8(0113)2 + HgO, is obtained by 
^ O ^ 

acting with moist silver oxide on a solution of the bromide. It 
forms large deliquescent crystals, which are less soluble in alcohol 
than in water. It possesses a burning saline taste, and unites 
with acids, but not with weak ones such as carbonic or hydro- 
cyanic, and this is easily understood as the substance is itself a 
salt. If it be allowed to stand for a week over sulphuric acid 
in a vacuum, it loses its water and becomes opaque' 

The bromide has an acid reaction like all thetine salts. Its 
warm solution dissolves oxide of lead, and on cooling, laminae of 
a double salt separate out, whilst dimethyl thetine remains in 
solution ; 


4 


CH2S(CH3)2Br 

io.OH 


+ 2 Pb(OH )2 = 


CH,S(OH8),Br 

to.OPbBr 


+ PbBr, + 


SCO S(CHj)ij + 4 HjO. 
^ O ^ 


The other dimethyl thetine compounds are obtained 'from 
the bromide by decomposing it with soluble silver salts, and the 
same compounds are obtained by the action of acids upon 
dimethyl thetine. 

The chloride, which is crystalline but very deliquescent, 
combines with platinum chloride to form the salt (C^HgS02)2 
PtClfl+2H20, a body crystallizing from hot water in orange- 
needles. 

The ethyl ether, Br(CH3)2SCH2CO.OC2H5, is formed by the 
union of ethyl bromacetate with methyl sulphide. It crystallizes 
in pearly glistening hygroscopic laminae. 

• Letts has prepared several other thetine compounds with other 
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alcohol radicals, and these are less easily formed than d^nethyl 
thetine, and with the greater difficulty the more carbon the 
radical contains, whilst the power of crystallization diminishes 
in the same ratio.^ ^ 

509 Sulplw^acetic Acid, CH2(S03H)C02H, was discovered by 
Melsens in 1842 , who gave it the above name. He obtained it 
by the action of sulphur trioxide and fuming sulphuric acid on 
acetic acid.^ It is also formed by treating acetamide or aceto- 
nitril with the fuming acid,^ or by heating acetic acid with 
chlorsulphonic acid.^ Its sodium salt is easily obtained by 
boiling chloracctic acid with a solution of normal sodium 
sulphite.** The sulphur compounds alreiuly described also yield 
this acid on oxidation with dilute nitric acid.^ It remains 
behind as a syrup, on evaporation of the solution in a vacuum. 
This gradually solidifies to a needle-shaped mass which is very 
deliquescent. Sulphone-acetic acid is a strong dibasic acid, 
of which, however, only the normal salts have as yet been 
prepared. 

5 10 Thiocyanacetic Acid, or Ehodacctic Acid, CH2(S.CN)C02H. 
The ethyl ether of this body was obtained by Heintz, by acting 
with potassium thiocyanate on ethyl chloracetate.^ On heat- 
ing this with strong hydrochloric acid, he believed that he had 
obtained the free acid, but Claesson has shown that the substance 
which is then liberated is its isomeride, thiocarbi midace tic 
acid (p. 91 ). In order to prepare thiocyanacetic acid, powdered 
potassium thiocyanate is added to a concentrated solution of 
sodium chloracctate. The crystalline magma which is formed is 
then treated with boiling alcohol, when potassium chloride 
remains behind, and crystals of sodium thiocyanacetate are de- 
posited from the filtrate. The well-cooled aqueous solution of 
this salt is then decomposed by sulphuric acid and at once 
extracted with ether.® 

Bhodacetic acid is a colourless and odourless oil which, when 
gently warmed, changes into a porcelain-like mass difficultly 
soluble in water, and crystallizing from this solution in groups 
of stellar needles. It forms with the metals of the alkalis and 

1 Edin. PhU, Trans, xxviii. [2], 583. 

■ Ann. Chem. Pharm. xHv. 97 ; lii. 275. 

• Buckton and Hofmann, Proa. Jioy, Soc. viii, 158 ; Ann. Chem. Pharm. c. 141. 

^ Banmstark, ih. cxl. 75. 

^ Collmann, ib. cxlviii. 101. 

^ Carnis, ib. exxiv. 52. 

^ Jb. cxzxvi. 223. 

* Claesson, Per. Deutsch. Chem, Ges. x. 1346. • ' 
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the alkaline earths crystallizable salts, whereas those of the 
other metals are readily decomposed with formation of the 
thioglycollates. When sulphate of copper is brought into a 
solution of rhodacetic acid, a black amorphous precipitate is 
formed after some time, consisting of cuprous thioglycollate, 
(CH 2 ) 2 S 2 Cu 2 (C 02 ) 2 Cu 2 . This reaction is very characteristic 
(Claessoh). 

Thiocarhimvlacetic Acid, or Mustard - oil - acetic Acid, 
CH 2 (N.CS)C 02 H, was obtained by Volhard by boiling glycolyl 
thio-urea (p. 97) with hydrochloric acid : 

CH2.NHV CH2.N.CS 

I -f HCl + H2O = I + NH4CI. 

CO.NH / CO.OH 

It is soluble in hot water, difficultly soluble in cold, and crys- 
tallizes in rhombic tables, melting at 125° — 126°. As an amido- 
coinpound it acts as a weak acid, the salts being many of them 
partially decomposed by water.^ 

Nitroacetic Acid, CH 2 (N 02 )C 02 H. This body is not known in 
the free state. When attempts are made to form the potassium 
,salt by heating a solution of potassium chloracetate with potas- 
sium nitrite, carbon dioxide and nitromethane (Part 1. p. 227) 
are obtained. 

The ethyl ether is however known, and this is obtained by 
the action of ethyl bromacetatc on silver nitrite. This liquid 
boils, not without decomposition, at 151° — 152°, and on treat- 
ment with tin and hydrochloric acid is converted into amido- 
acetic acid.^ 


AMIDO-COMPOUNDS OF GLYCOLYL.’ 

511 Many of these compounds arc of great physiological 
interest, inasmuch as they and several of their derivatives occur 
both in the animal and in the vegetable kingdoms, as the 
products of decomposition of higher and more complicated 
compounds. In addition to those now described, others exist 
which will be noticed in the further course of this work. 

GlycolamidCf CH 2 (OH).CO(NIl 2 ), is obtained by the action 
of ammonia on ethyl glycollate or glycolide. It forms colourless 

' Joum, Pratet, Chem, [2], ix. 6. ^ 

• 9 Forcrand, Bull, Soc, Chim, xxxi. 586. 
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crystals which fuse at 120®. Aqueous hydrochloric acick con- 
verts it into glycolic acid and sal-ammoniac. 

Amidthdcetic Acid, or Glycocoll, CH2(NH2)C02H, was first pre- 
pared by Braconnot in 1820, being contained amongst the 
products of the action of sulphuric acid on glue, and received 
from him the name of Sucre de gUatine, on account of its sweet 
taste. ^ Dessaignes found later on that the same body occurs 
as a product of. decomposition of hippuric acid.^ This latter 
chemist as well as Laurent,^ Mulder,* and Horsford ® determined 
its composition, and the last-named chemist gave to it the 
name of glycocoll, by which it is usually known {y\vKV^, sweet ; 
KoWa, glue). Strccker then found that it is a decomposition 
product of glycocholic acid, one of the constituents of bile,® and 
since that it has been obtained from various other complicated 
carbon compounds. According to Chittenden it is found in the 
muscle of the edible Fecten irradimu^ 

Amido-acetic acid was first artificially obtained by Perkin and 
Duppa, by acting with ammonia on bromacetic acid.® Cahours 
then showed that chloracetic acid may also be used for this 
purpose.® Its formation from cyanogen is peculiar.^® If this gas 
be led into a boiling solution of concentrated hydriodic acid, the 
following reaction takes place : 

CN CH 2 .NH 2 

I 4 5HI + 2 H 2 O = I 4 NH I 4 2L. 

CN CO.OH 


The method proposed by Braconnot was formerly employed 
for the preparation of glycocoll. According to Mulder a better 
yield is obtained when the glue is boiled with hot caustic potash 
instead of sulphuric acid.^^ It is most conveniently prepared from 
hippuric acid (benzoyl-amido-acetic acid), a body occurring 
in the urine of graminivorous animals. This substance, when 
warmed with four times its weight of fuming hydrochloric acid, 
undergoes the following change : 


CH2NH(CeH,.CO) 

COgH 


+ H2O 


CII2.NH2 

I ^C.H,00^. 


* Ann, Chim, Phys, [2], xiii. 114. 

^ Dessaignes, Ann, Chem, Pharm, Iviii. 322. 

• Cmnpt, Rend, xxii. 789. « Joum, Prakt, Chem, xxxviii, 294. 

® Ann, Chern, Pharm, lx. 1. ® Ih, Ixv. 180 ; Ixvii. 16. 

^ Ih, clxxviii. 266. 8 Quart. Journ, Chem, Soc. xi. 22. 

® Compt, Rend, xlvi. 1044 ; evii. 147. 

Emmerling, Ber. Deviaeh, Chem, (^a, yi. 1352. 

Joum. Pmkt, Chem, xvi. 200. 
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Th# solution is then diluted with water and allowed to cool^ 
when a large portion of the benzoic acid which is formed crys- 
tallizes out. The filtrate is evaporated almost to dryness and 
then boiled with water for some time, in order to drive off the 
remaining benzoic acid. In this way glycocoll hydrochloride 
is obtained, and this is decomposed with oxide of lead or silver 
oxide. 

The preparation of amido-acetic acid from chloracetic acid or 
bromacetic acid is not economical, because largo quantities of 
diglycolamidic acid, NH(GH2.CO«H)2, and triglycolaniidic acid, 
N(CH2.C02H)3. are produced.^ 

Glycocoll dissolves in 4*3 parts of cold, and more readily in 
hot water. It is insoluble in absolute alcohol and spirit of wine. 
It crystallizes in large hard monoclinic tables which grate be- 
tween the teeth, have a sweet taste and fuse at 170°, undergoing 
decomposition with separation of carbon when heated to a higher 
temperature. Its solution is coloured deep red by ferric chloride 
and deep blue by copper salts. 

As an amido-acid glycocoll is at once a base and an acid, or 
rather, as it has a neutral reaction, a salt (p. 18). Of its numer- 
ous compounds, only the more important can here be mentioned. 

512 Metallic Covipounds of Glycocoll, Amongst these the copper 
salt is very characteristic. It is obtained by boiling a glycocoll 
solution with copper oxide. On cooling or addition of alcohol, 
the compound, having the formula (C2H4N02)2 Cu -f HgO, 
crystallizes in fine blue needles. These dissolve in caustic 
potash, yielding a deep blue solution. If glycocoll and caustic 
potash be added to a solution of copper sulphate the solution 
also becomes dark blue, and the above salt is separated on 
addition of alcohol. The silver salt, C2H4N02Ag, difficultly 
soluble in water, is deposited in granular crystals. 

Acid CompoiiTids of Qlycocoll. Of these, two series are known 
(p. 18), and all crystallize well. 

Saline Compounds of Glycocoll, It has already been stated 
that glycocoll combines with many salts, and these compounds 
are also readily obtained crystalline. 

Mhyl Amido-acetatc, CH2(NH2)C02.C2H5. When glycocoll is 
heated with ethyl iodide and alcohol, the compound, CH2(NH3l) 
CO2.C2H5, is formed, crystallizing in rhombic prisms. When 
its aqueous solution is heated with silver chloride, the correspond- 
ing chloride is formed. This crystallizes in fine needles and 
* ^ Heintz, Ann. Chem, Phaxm, exxii. 257 ; cxxxvi. 213. 
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when treated with water and silver oxide yields the ethyl ether, 
which is deposited in small crystals, and in aqueous solution easily 
decomposes into glycocoll and alcohol. 

Amido-Crlycolamide, CH 2 (NH 2 )CO(NH 2 ). This is formed> 
together with the above-named compound by the action of a 
large excess of alcoholic ammonia on ethyl chloracetate, and it 
is formed, though in less quantity, in a similar way from 
glycocoll. On evaporating the solution a syrup remains which 
gradually crystallizes. Boiling water decomposes it into glyco- 
coll and ammonia. 


CHg 

513 MethyU glycocoll, or Sarcosine, CO \(CHs)H 2 . This 


body, which was first believed to be an alkaloid, was obtained by 
Liebig in 1847 as a product of the decomposition of creatine 
(p. 98), a body occurring in the muscular tissue.^ Volhard then 
showed that this compound is formed when ethyl chloracetate 
is heated with aqueous methylamine.^ It is very soluble 
in water, has a sharp but sweet taste, and crystallizes in 
transparent rhombic prisms. In its chemical relations it closely 
resembles glycocoll. Its platinum salt is especially characteristic. 
This is soluble in water, and crystallizes readily in large honey- 
yellow octohedrons.® 

By the action of ethylamine on chloracetic acid, cthyl-glycocoll 
is formed, whilst diethylamine yields diethyl-glycocoll.* Both 
deposit in deliquescent crystals. 

The following compounds are metameric with ethyl glycocoll 
and ethyl amido-acetate. 

Ethyl Glycolamide, CH. 2 (OC 2 H 5 )CO.NH 2 , is formed by the 
action of ammonia on the ethyl ether of ethyl glycollic acid,® and 
crystallizes from water in largo prisms having a cooling taste. 
These melt below 100 °, the liquid boiling at 225°, and on heat- 
ing with phosphorus pentoxide, the nitiil, CIl 2 (OC 2 H 5 )CN, is 
formed, an aromatic smelling liquid boiling at 134° — 135°.® 

OlycoUethylamide, CH 2 (OH)CO.NH(C 2 H 5 ), is formed by 
acting with ethylamine on ethyl glycollate. It is a thick 
liouid soluble in water, boiling at about 250° (Heintz). 


^ Ann, Chm.. Pharm.\x{i.Z\0. a /g cxxiii. 261. 

» Heintz, ih. cxxix. 33. . 

• Heintz, lb, cxl. 218. ® Heintz, cxxix. 27. 

• Henry, Ber, Dmtsch, Chm. Ges, vL 259 ; Tschemiak anU Norton, ih, xii, 

m. 
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514 TQ'imcthyUglycoeoll, or BetcCiTie, CO N(CH3)3. This 

weak base was first obtained by Licbreich by careful oxidation of 
choline.^ . He then artificially prepared it by acting upon tri- 
methylamine with chloracetic acid,^ and termed it oxyneurine. 
Before this Schoibler had noticed a base which occurs in the 
juice of the sugar-beet {Beta vulgaris), which he afterwards in- 
vestigated, and to which he gave the name of Betaine.^ The 
identity of this substance with oxyneurine was proved both by 
himself and by Liebreich.^ 

Trimethyl-gi^'cocoll is found in Lycium harharum, and the body 
got from this was formerly believed to be a peculiar alkaloid, 
described under the name of Lycine, Its identity with betaine 
was shown by Husemann.® 

In order to prepare betaine a slight excess of lead acetate is 
added to the beet or the molasses diluted with water, the pre- 
cipitate filtered off and this decomposed by dilute sulphuric 
acid. The acid solution gives with phosphotungstic acid a 
precipitate which is then decomposed with milk of lime.® 

Betaine crystallizes from alcohol in large glistening deliques- 
cent crystals containing one molecule of water, which is evolved 
at 100°. In its chemical relations it resembles glycocoll. The 
chloride, CgHigNOgCl, forms Jlarge stable monoclinic crystals. 
It combines v^ith platinum chloride to form the compound 
(C5Hi2N02)2PtCl(, + 2H2O, a body deposited in large yellow 
crystals which effloresce on exposurci 

Muscarine, CH(0H)2.CH2N(CH3)30H, is found together with 
choline in a toadstool, fly agaric {Agaricus muscarius),’’^ and is 
formed by the oxidation of the latter base with strong nitric acid.® 
The free base has a strongly alkaline reaction and crystallizes 
in thin deliquescent laminae. The hydrochloride is also very 
deliquescent, and forms the platinichloride (C5Hj4N02)2ptCl3 + 
2H2O, which is difflcultly soluble in water. Muscarine is the 
poisonous constituent of the toadstool. 

' Ber, De^Usch, Chem, Oes, ii. 13. * 76. ii. 167. 

® Ih. ii. 292. * 76. iil 165 and 161. 

® Arch. Pharm. [3], vi. 216 ; Jahresb. 1875, 828. 

® See Fruhling and Schulz, Ber. Dfnitsch, Chem. Oea, x. 1070. 

^ Sebmiedeberg and Kop^^e, Jahresb, 1870, 876, 

• ® Sebmiedeberg and Hamack, ih. 1876, 804. 
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CARBAMIDE COMPOUNDS OP GLYCOLYL. 

.NH— CHg 

SIS Glycolyl-ureay CO^ I , was first obtained by 

\NH— CO 

Baeyer as a product of decomposition of uric acid and* allantoin, 
and termed by him HydrantcHn. He also obtained this com- 
pound artificially by heating alcoholic ammonia with bromacetyl 
urea, a body prepared by acting on urea with bromacetyl 
bromide : ^ 

.NH, ,NH.CH2 

CO^ +NHo = CO, I +NH,Br. 

^NH.CO.CHjBr \NH.C0 

Glycolyl-urea is easily soluble, especially in hot water, 
depositing in large but not well-formed crystals. These have 
a slight sweet taste, and melt at 206°. 

Glycoluric Acid, or Ilydrantdic Add, (NH2)C0.NH.CH2.C02H. 
The barimn salt of this acid is obtained from the foregoing 
compound by boiling it with baryta-water. This, when 
decomposed with dilute sulphuric acid, yields glycoluric acid, 
a body crystallising from hot water in monoclinic prisms.* It 
is also formed when an aqueous solution of glycocoll sulphate is 
evaporated with potassium cyanate,® or when glycocoll and urea 
are boiled for some time with ba^ta-water.^ 

/N(CH,)-CH, 

Methyl-hydranMn, CO^ I , was first obtained as 

\NH CO 

a product of decomposition of creatinine (p. 99), and is also 
formed when sarcosine is fused with urea.® It forms clear 
crystals which have a faint acid reaction and melt at 145®. 

MethyUhydranto^ Add, (NH2)C0(NCH3)CH2.C02H. If, in 
addition to its usual food, such a quantity of sarcosine be given 
to a dog that the amount of nitrogen which it contains be 
exactly equal to that which the dog excretes daily, uric acid 
and urea completely disappear, and in their place methyl- 
hydrantoi'c acid and other nitrogenous compounds make theii 
appearance.® 

^ Ann, Chtm, Pharm, cxxx. 158 ; Ber, Deutsch. CKem. Oes. Wii. 614. 

Herzog, Ann, Chem, Pharm, cxxxvi. 278. 

> Wislicenus, ih, clxv. 103. 

Baumann and Hoppe-Seylcr, Ber, DtxUsch, Chem, Oee, vii. 34, 

^ Huppert, ib, vi. 1278. * Scbultzen, ib, v. 578. • 
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The^ame acid is formed when sarcosine, potassium cyanate, 
and ammonium sulphate are allowed to stand together in 
aqueous solution/ or when a mixture of sarcosine and urea is 
boiled* with baryta-water.^ It crystallizes from alcohol in trans- 
parent needles. When heated alone it is converted easily into 
methyl-hydrantoin, and when heated with baryta-water under 
pressure . it decomposes with formation of carbon dioxide, 
ammonia, and sarcosine. 

/NH— CH 2 

Olycolyl Thio-ureay or Sulphokydmntm7iy I , The 

\NH— CO 

chloride of this body is obtained by heating thiocarbamido 
with chloracetic acid. It crystallizes in fine prisms, and yields, 
on treatment with alkalis, the thio-urea which crystallizes from 
hot water in long glistening needles. ^ When boiled with 
baryta-water, barium thioglycollate together with dicyandi- 
amide is produced.^ According to Liebermann and Lange it 
appears probable, from this decomposition as well as for other 
reasons, that the constitution of sulphohydrantoin and of 
mustard-oil acetic acid {p. 91) is represented by the follo'wing 
formulm ; ^ 


Olycolyl Thio-iirea. 

CH^ 

HN=CS^ CO 
\ / 
NH 


Mustard-oil Acetic Acid. 

CH, 

0=CS^ CO 


The formation of the latter compound from thiocyanacetic acid 
is in this case easily understood. 


GUANIDINE COMPOUNDS OF GLYCOLYL. ' 

516 Glycocyaminey or Guanidoacetic Acid, CaH^NjOg, was 
obtained by Strecker by heating together for some days aqueous 
solutions of glycocoll and cyanamide, to which some ammonia had 
been added. ® It is also formed when glycocoll is heated with 
guanidine carbonate.® It is deposited in small crystals which are 

^ Baumann and Hoppo-Seyler, loc. cU, 

* Volhard, Ann, Ch&m., Fhann, clxvi. 383. 

* Andreasch, Ber, DeiUsch, Cltem, Oes. xii. 1385. ^ Ih, xii. 158c 

^ Compt. Rend, Hi. 1212 ; Jahresh, 1861, 530. 

^ • Nencki and Sieber, Jmim, Prdkt, Cheni, [’2], xviu 477 
* VOL. ITI. H* 
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difficultly soluble in cold and more easily in boiling waAer and 
insoluble in alcohol. It acts at once as a weak base and as an 
acid/ and hence in the free state it may be considered to be 
a salt: • 

CH2.NH.C — NH CH2.NH.C IZ NH 

CO.OH JlHg io— 0— ifH,. - 

Glycocyamidinet or Gycolyl Guanidine, CgHgNgO, is formed when 
glycocyamine hydrochloride is heated to 160°. Its constitution 
is, therefore, represented by the following formula : 

CH2.NHV 

I :C-NH. 

CO.NH 

The free base is obtained from this hydrochloride by boiling 
it with lead hydroxide. It crystallizes in small laminss, easily 
soluble in water, and having an alkaline reaction. The hydro- 
chloric acid compound is also very soluble, and forms a platini- 
chloride, (C3HgN30)2PtCl^, crystallizing in yellow needles. The 
zinc double salt, (C8HgN30)2Zn0l2, is a characteristic one, being 
difficultly soluble, and also crystallizing in needles. » 

Creatine, or Methyl Guanidoacetic Acid, C^HgNgOg. 

517 Creatine was first found by Chevreul,^ in 1835, in the juice 
of flesh {Kpia^, flesh), and examined most minutely by Liebig, in 
1847, in his celebrated research on the constituents of the liquids 
of flesh.3 It is found in the flesh of all vertebrates and also in 
small quantity in the brain and blood. The flesh of game and 
of poultry is best suited for its preparation, as this appears to 
contain about 0'35 per cent. The flesh is finely cut up, freed 
from fat as much as possible, well kneaded several times with 
its own weight of water, and the liquid well pressed out in a 
coarse linen bag. The liquid is then heated to boiling to 
separate the albumen, &g., and filtered. The phosphoric acid 
which is present is next separated by the addition of baryta- 
water and the filtrate evaporated to one-twentieth its bulk^ 
The creatine crystallizes out on standing, a small quantity of 
creatinine present being removed by washing with alcohol. 

As the extract of meat is prepared now on the manufacturing 

^ Engel, Bull. Soc, Chim. [2], zxiv. 274. 

^ Jnn. Chem. P4am.iv,293. 

* Ib. Ixii. 267. ‘ 
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scale, ^his may conveniently be employed for preparing creatine. 
It is dissolved in 20 parts of water and acetate of lead added 
so long as a precipitate forms, the filtrate treated with sul- 
phuretted hydrogen and the solution operated upon as above 
described.^ 

Creatine has been artificially prepared by Volhard by heating 
an alcoholic solution of sarcosine with freshly prepared cyanamide 
for some hours to 100 ° ^ 

CH 2 .N(CH 3 )H 2 CnN CH 2 .N(CH 3 )C z: NH 

io-i CO— o — iIhs. 

Creatine dissolves in 75 parts of cold water and more readily 
in hot water, crystallizing in bright glistening transparent 
monoclinic prisms which contain one molecule of water. When 
heated to 100° they become opaque from loss of water. It has 
a faintly bitter taste and is not soluble in absolute alcohol or 
ether. When boiled with baryta-water it decomposes into sar- 
cosine and urea, and when its aqueous solution is heated with 
mercuric oxide, oxalic acid and methyl-guanidine are formed. 

Creatine has a neutral reaction, but combines with acids as 
well as with a variety of salts, in this respect resembling 
glycocoll. The compounds thus obtained usually crystallize well. 


Creatinine, or Methyl Glycolyl Guanidine, C^H^NjO. 

518 This body was first obtained by Liebig, who heated creatine 
in a current of hydrochloric acid to 100 °, when the hydrochloride 
of a “ true organic alkaloid is formed. Creatinine sulphate is 
easily formed when creatine is evaporated to dryness with the 
calculated quantity of dilute sulphuric acid. By decomposing 
this with baryta-water, or by boiling the hydrochloride with an 
excess of oxide of lead in order to form an insoluble basic lead 
chloride, a solution of the free base is obtained. 

Creatinine occurs in nature in human urine and in that of 
various animals, and from the first source it can be readily 
obtained (Liebig). The liquid is neutralized with milk of lime, 
chloride of calcium added in order to precipitate the phosphates, 
and the whole evaporated until salts begin to crystallize out. A 
concentrated solution of zinc chloride is then added to the 

• ^ Mulder and Mouthaan, Zeitsch, Chem, 1869, 341. ^ Jdhresh, 1868, 685. 

2 
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mother-liquor, when the zinc chloride compound Already 
described slowly separates out and is decomposed on boiling 
with water and an excess of lead hydroxide.^ 

It is perhaps simpler to make use of mercuric chloride, which 
also forms an insoluble compound with creatinine, which is 
easily decomposed by sulphuretted hydrogen. Instead pf human 
urine that of the horse may be employed.*^ 

Creatinine is tolerably soluble in water, difficultly soluble in 
alcohol, and deposits in anhydrous monoclinic crystals which 
have an alkaline reaction. When boiled with baryta-water, 
ammonia and methyl hydrantoin (p. 06 ) are formed : 

CH2.N.CH3 CH2.N.CH3 

I - NIT + lIjO = ^CO + NH,. 
OO.NH CX).NH 

Creatinine in aqueous solution readily undergoes change 
passing into creatine. This takes place more quickly if ammonia, 
lead oxide, or other bases be present. 

Salts of Creatinine. Creatinine is a strong base decomposing 
ammonium salts. The hydrochloride, C^HgNgOCl, crystallizes 
from hot alcohol in short transparent prisms, and from water, 
in which it is very soluble in transparent scales. The platini- 
chloride, (C4HgN30)2PtClQ, forms yellowish-red granular crystals, 
or orange-red prisms. The sulphate, (C4H8N30)2S0^, crystallizes 
from hot alcohol in transparent quadratic tables. 

Creatinine Zinc Chloride, (C4HyN30)2ZnCl2, forms oblique 
rhombic prisms or small needles that form warty concretions* 
It is difficultly soluble in water and almost insoluble in strong 
alcohol. It forms with hydrochloric acid an easily soluble 
compound, (C4H8N30Cl)2ZnCl2, which crystallizes well. 

Creatinine also forms well crystallized compounds with other 
salts. These have been especially studied by Neubauer. 

Creatinine forms with ethyl iodide the compound, C4H7N3O 
(C^Hg)!, crystallizing in long glistening needles, and this is con- 
verted by the action of moist silver oxide into the corresponding 
strongly alkaline hydroxide.® 

’ Neubauer, Aim, Chem. Pharm, cxix. 37. 

2 Maly, ih, clix. 279. 

* * Neubauer, ib, exx, 257. 
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• Phosphorus Compounds of Glycolyl. 

519 Phosphortrimctliyl Glycocoll, or Phosphor - Betaine, 

CO P(CH3)3. The hydrochloride, COg CH2.P(CH3)3HCI, 

\ O 

of this body is formed by the action of trimethyl phosphine on 
monochloracctic acid. It is very deliquescent, as is the base 
obtained from it by means of silver oxide. The platini- 
chloride separates out from hot water in largo orange-red 
rhombic crystals.^ 

Phosphm'-Ethyl-Betalne, CO P(C^2^i>)3» ®^st pre- 

O / 

pared by ’ Hofmann by the action of triethyl phosphine on 
chloracetic acid,^ and afterwards exactly investigated by Letts.^ 
It is also very deliquescent, and contains water of crystalliza- 
tion, which it gives off slowly in a vacuum over sulphuric 
acid. If the aqueous base be heated, it is transformed into 
the isomeric acid-carbonate of methyl-triethyl phosphonium, 
PofOH 

^^|0P(C,H*)3CH,. 

The nitrate crystallizes in needles, has an acid reaction, 
and is not deliquescent ; the platinichloride forms large crystals 
tolerably soluble in hot water. The salts decompose on heating 
into carbon dioxide, and the salts of methyl-triethyl-phospho- 
nium, and in this respect they resemble the thetine salts, and 
not those of betaine, which either sublime or are decomposed 
into trimethylamine and substituted acetic acid. 


THE OXALYL COMPOUNDS. 

The Aldehydes of Oxalic Acid. 

520 Oxalic acid, being a dibasic acid, forms two aldehydes : 
( 1 ) 

Glyoxal. 

COH 
ioH. 


( 2 ) 

Olyoxylic Acid. 

COH 

io.oH. 


^ A. H. Meyer, Ber, DctUsch, Chem, Gea. iv. 734. 

^ Proe, Boy, Soe, xi. 530. 

’ Ib, Edin. 1B80-1881, 40 ; andNeifbauer, Atm, Chem, Pimrm, cxix. 37 ; cxx. 257. 
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These bodies, discovered by Debus, are formed togethei with 
oxalic and glycollic acids when alcohol and various other com- 
pounds, such as glycol, aldehyde, &c., are oxidized with nitric 
acid.^ • 

Glyoxal, or Oxalaldchycle, CgH^Og. According to Liibawin the 
following is the best mode of preparing this body. Into a glass 
cylinder. Laving a capacity of 250 cc., are poured in ’separate 
layers, by means of a tube-funnel which reaches to the bottom, 
first 64 cc. of nitric acid, of specific gravity 1*37, which has 
been mixed with 2*5 cc. of the fuming acid, then 20 cc. of 
water, and lastly 60 cc. of aqueous aldehyde of 50 per ceiit. 
The whole is allowed to remain at the temperature of the air 
for four to five days, and then the liquid evaporated on a water- 
bath, when almost perfectly pure glyoxal remains. In order to 
purify it further, it is shaken with a concentrated solution of 
hydrogen sodium sulphite, when a compound, having the com- 
CH(OH)S 03 Na 

position I is formed, depositing in small hard 

CH(OH)S 03 Na, 

crystals, which may be purified by crystallization from solution 
in water. By double decomposition with barium chloride, the 
corresponding barium salt is obtained. This is but difficultly 
soluble in water, and yields, on decomposition with dilute sul- 
phuric acid, a solution of glyoxal, this compound, remaining on 
evaporation as an amorphous deliquescent mass. Glyoxal pos- 
sesses the characteristic properties of an aldehyde, and reduces 
ammoniacal silver. By the action of lime or baryta it is easily 
converted into glycollic acid : 

COH.COH + HgO = CH2(0H).C0.0H. 

Hence both oxidation and reduction occurs. The aldehydes 
of the monob^isic acid exhibit a similar reaction, but in this case 
one molecule of alcohol and one of monobasic acid are produced. 
If an acetic acid solution of glyoxal be saturated with hydro- 
chloric acid, hexglyoxal hydrate, or Ci 2 Hi 20 i 2 + 

is formed. This is an amorphous powder resembling starch, 
dissolving in strong acids or boiling alcohol.* 

If glyoxal be warmed with aqueous ammonia to from 60® to 
70®, the following two singular basic compounds are formed 
(Debus): 

' Debus, Anr^, Chem, Pharm, c. 5 ; cii. 20 ; evii. 199 ; cx. 319 ; cxviii. 253 ; 
chiff, ib, clxxii. 1 ; Liibawin, Ber. DexUach, Chem, Gee, viii. 768 ; x. 1366. 

^ H. SchifT, Ann, Chem. Pharm. clxxii. 1. • 
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S^i^lyoxalin, C 3 H 3 N(NH), is the chief product; it is a body 
easily soluble in water, and crystallizes in fine prisms, possess- 
ing a faint fish-like smell ; it fuses at 88® — 89®, and boils at 
^ 6 ®, and its vapour density is 2*35.^ With acids it forms 
neutral crystallizable salts. It contains one atom of hydrogen 
capable of replacement by silver as well as by alcoliol radicals. 
It is not* oxidized by a solution of chromic acid, and reducing 
agents are also without action upon it. Bromine converts 
it into tribromomlin, C 3 Br 3 N(NH), crystallizing from alco- 
hol in silky needles, possessing a distinctly acid character, 
and remarkable as being, with the exception of hydrocyanic 
acid, the only acid containing carbon which does not contain 
oxygen or sulphur. In the formation of glyoxalin, formic acid 
is produced, and hence it is produced according to the following 
reaction : 

2C2H2O2 + 2NH3 = C3H^N2 + Cll^Og + 2H2O. 

Its constitution is not positively known, but it is probably 
represented by the following formula : 


N 


/yCR 

\OH 


I 

HN=CH. 

Glycosin, C 3 H 3 N 4 , is formed in smaller quantities than the 
preceding compound. It crystallizes in needles which on heat- 
ing volatilize without melting; it is scarcely soluble in cold 
water, and is diflScultly soluble in hot, and forms salts which 
crystallize well. Its constitution is probably similar to that of 
hexmethylenainine (p. 26), but with the difference that in- 
stead of the six diad methylene groups it contains three tetrad 
groups, CgHg. 

52 a Glyoxylic Acid, or Olyoxalic Acid, CHO.COgH + HgO, or 
CH( 0 H) 2 .C 02 H. Debus gave to this body the first of these 
formulas, but the latter formula is, as Duppa and Perkin * have 
shown, the more probable, as the acid and all its salts (with the 
exception of the ammonium compound, which does not behave 
as a salt), must, according to the first formula, contain one 
molecule of water which cannot be removed without decom- 
posing the compound. Glyoxylic acid has, accordingly, a con- 
stitution similar to that of chloral hydrate. 

^ Wyss, Ber, DcuIkK Chem» Oes, ix. 1543 ; x. 1365. 

• * Joum, Chum, 80 c, xxi. 197. 
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In order to prepare glyoxylic acid it is best to stax^ from 
dibromacetic acid, which is easily obtained by the action of 
bromine upon acetic anhydride. When its silver salt is boiled 
with water, equal molecules of glyoxylic acid and dibromacetic 
acid are formed : 

2C2HBr20aAg + 2 H 2 O = + CgHgBrgOg + 2AgBr. 

If the liquid be now neutralized with silver carbonate, and 
again boiled, the following reaction takes place : ‘ 

CgHgO.Ag + C2HBr202Ag + 2 H 2 O = 2C2H,0, + 2AgBr. 


Bottinger has fully described the preparation of this acid 
from alcohol and nitric acid.^ 

Glyoxylic acid is very easily soluble in both water and alco- 
hol, and crystallizes in small, ill-defined, probably monoclinic 
prisms, which taste like tartaric acid, melt on heating, but 
cannot be distilled without decomposition. This body possesses 
all the properties of an aldehyde. It forms crystalline com- 
pounds with the sulphites of the alkali metals, such as the 
sodium salt, CH( 0 Il)S 03 Na.C 02 Na ; it reduces ammoniacal 
silver solution, and when brought in contact with strong bases, it 
forms a mixture of oxalic acid and glycollic acid, whilst nascent 
hydrogen reduces it to glycollic acid. 

Potassium Gtyoxylate, CgHgKO^, is an easily soluble crystalline 
powder, w^hich begins to decompose at 100®, 

Calcium GlyoocyUde^ is difiicultly soluble in cold 

water, and crystallizes in hard prisms. 

When decomposed by ammonium oxalate, or when glyoxylic acid 
is neutralized by ammonia, and the solution obtained by either 
method allow'ed to evaporate in a vacuum, it becomes acid, and 
small prisms separate out, which also have an acid reaction after 
recrystallization. Debus considers this compound to be the 
normal ammonium salt, but according to Perkin it is an acid, 
the constitution of which corresponds to that of aldehyde- 
ammonia : 


/OH 




I 


or 


lO.OH 


/OH 

CH 

\nh, 

CO— d. 


* Perkin, Joum. Chtm, Boc. 1877, ii. 90. 

* Liebig's Ann, cxcviii. 208. 
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SUt^ Glyoxylate, CgHgAgO^, is a difficultly soluble crystalline 
powder, which soon blackens on exposure to light. 

Diethyl Olyoxylic Acid, CH(0C2Hg)o.C02H. The sodium 
salt of this acid was obtained by Fischer and Geuther* by 
heating tetrachlorethylene with soclium ethylate, when ethyl-di- 
chloracetate is formed as an intermediate product, so that the 
salt is most simply got by heating dichloracetic acid with an 
alcoholic solution of sodium ethylate.® When it is decomposed 
by dilute sulphuric acid, and the liquid shaken with ether, the 
acid is taken up, and on evaporating the ethereal solution, it 
remains behind as an oily liquid which, in contact with water, 
is easily converted into alcohol and glyoxylic acid. 

The ethyl ether, 0H(OC2Hg)2CO2(C2H5), is obtained by heat- 
ing with ethyl iodide, and it is also formed when glyoxylic acid is 
heated with absolute alcohol (Perkin). It is a highly refracting 
liquid, possessing a fruity smell and burning taste, and boiling 
at 199^ 


OXALIC ACID, C2H2O,. 

523 This acid occurs as the hydrogen potassium salt in a variety 
of plants, such as the wood-sorrel, Oxalis acetoseUa, and in other 
species of oxalis and rumex. From the older names of these 
(acetosa, acetosella) it would appear that in former times they 
were believed to contain acetic acid. 

At the beginning of the seventeenth century the salt obtained 
from the above plants was considered to be a kind of tartar, 
and its preparation was minutely described by Boerhave in his 
Eleinenta Chemice.^ It was afterwards more completely inves- 
tigated by F. P. Savary, whose Dissertatio de sale acetosellm 
appeared in 1773, but still the nature of the acid which it con- 
tained remained a matter of doubt. Its special characteristics 
were first pointed out by Wiegleb in 1779, who discovered the 
fact that it has the power of rendering lime-water turbid. 

In 1776 Scheele obtained an acid by acting with nitric acid 
upon sugar ; and this was further investigated by Bergman, and 
described in his Dissertatio de acido sdcchari, published in 1776. 
Amongst other remarks he there states that this acid cannot 


' J&MUsr Zcitsch, Ch&m, i. 54 ; Geutherand Brockhoff, Joum, Prakt, Chem, [2], 

vii. 102. 

• * Schreiber, Zeitach, Chem, ISTC, 167. * Toiims sccundus, p. 37. ^ 
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only be obtained from a variety of bodies containing sugar, but 
also from meal, gum, and other vegetable matters, and that, on 
heating, a part of the acid sublimes, whilst another part yields a 
gas, half of which consists of fixed air, and the other of an air 
which bums with a blue flame. 

The acid obtained from sugar, and that obtained from the 
various varieties of oxalis were usually supposed to be different 
substances, until Scheele in 1784 showed that they are identical. 

Oxalic acid was first naturally considered to be an organic 
acid, but as it was found that many of its salts contained no 
hydrogen, this acid was for a long time classed as an inorganic 
compound, and looked upon as the hydrate of the hypothetical 
carbon sesquioxide, CgOg, which was termed anhydrous oxalic 
acid. 

Various salts of oxalic acid occur in nature, and these will be 
mentioned in their proper place. In the free state it occurs in 
Boletus igniarius, and also, according to some observers, in the 
juice of the chick-pea. 

Oxalic acid is obtained synthetically in a variety of ways. 

(1) In the first place it occurs when the formate of an alkali- 
metal is gently heated : * 

H.CO.OK H CO.OK 

= 1+1 
H.CO.OK H CO.OK. 

(2) Its ammonium salt is formed, together with other pro- 
ducts, when an aqueous solution of cyanogen is allowed to stand 
for some time : 

CN CO.ONH, 

I + 4H,0 = I 

ON CO.ONH,. 

Hence cyanogen is the nitril of oxalic acid, or of dicarhoxyl 
(dioxalyl). 

(3) The formation of oxalic acid from carbon dioxide is of 
special interest. If this gas be passed over sodium heated to 
360^ and finely divided with sand, sodium oxalate is formed : 

2CO2 + Nag “ C204Na2. 

The potassium salt may be obtained in the same way by 

^ Dumas and Stas, Awn, Ckem, Pharm, xxzv. 137 ; Pdligot, Ann, Chim, 
Phys. [2], Ixxiii. 220 ; Erlenmeyer and Gatschow, Chem, Cmtralb, 1868, 420. 

^ Drechsel, Ann, Chem, PhaUrm, czlid. 140. • 
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making* use of a boiling potassium amalgam containing 2 per 
cent, of this metal. 

524 Oxalic acid is not only an oxidation-product of glycoUic 
acid, but also of most of the members of , the group of 
fatty bodies, as also of the allied group of bodies containing 
less hydrogen. These bodies all yield oxalic acid as a final product 
when treated with nitric acid. Next to carbon dioxide, oxalic 
acid is the carbon compound which contains most oxygen. 
Many organic bodies also yield oxalic acid when they are fused 
with caustic potash. Acetic acid is only difficultly oxidized by 
nitric acid, but in alkaline solution it yields large quantities 
of oxalic acid when treated with potassium permanganate. 

Manufacture^ Scliccle first obtained oxalic acid by precipitating 
salt of sorrel with acetate of lead, and decomposing the product 
with sulphuric acid. In place of this method, the oxidation of 
cane-sugar was afterwards employed for the preparation of oxalic 
acid on a large scale. For this purpose 8 parts of nitric acid of 
specific gravity 1*38 are gradually added to 1 part of sugar, the 
mixture heated to the boiling point, and the liquid then evaporated 
to one-sixth of its bulk, and allowed to cool. The acid, which 
crystallizes out, is purified by re-crystallization. Instead of refined 
sugar, a cheaper material, such as brown sugar, molasses, starch- 
sugar, or starch, may be employed, and the fumes of the oxides 
of nitrogen evolved may bo utilized either by passing them into 
a sulphuric acid chamber, or they may be again converted into 
nitric acid by contact with air and water. 

This mode of making oxalic acid is, however, no longer in use. 
In the year 1829, Gay-Lussac found that when cotton-wool, 
sawdust, sugar, starch, gum, tartaric acid, and other bodies are 
fused with caustic potash, oxalic acid is formed.^ The first 
experiments for utilizing this reaction on the large scale were 
made by Mr. John Dale of Manchester, by whose skill and 
perseverance the practical difficulties inherent in the working of 
the process were successfully removed, leading, in 1856, to the 
patenting by his firm of a process for the manufacture of oxalic 
acid from sawdust. Gay-Lussac suggested that cream of tartar 
should be employed for the preparation of oxalic acid, and at 
the time this suggestion was a practical one, as this substance 
was much cheaper than oxalic acid, Mr. Dale found that saw- 
dust was the best material, and that the caustic potash cannot 
be replaced in the reaction by its cheaper substitute, caustic 

• * Ann. Chim, Phys, xli. 398. 
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soda, as this latter alkali gives but a very small yield. Caustic 
potash was, however, then too dear to permit its employment on 
the large scale. If, however, one molecule of potash and two 
molecules of soda be used, one part of the crystallized a«id 
can be prepared from two parts of sawdust. For this purpose a 
solution of the alkalis, having a specific gravity of 1 *35, is used, 
and to this sufficient sawdust is added to produce a tliick paste, 
which is then spread on to iron plates and gradually heated. At 
first, water is given off, the mass then swells up and disengages 
a quantity of inflammable gas, consisting of hydrogen and 
hydrocarbons, a peculiar aromatic smell being at the same time 
noticed. After the temperature has been maintained at 200“ 
for from one to two hours, this part of the process may be con- 
sidered to be complete. The whole of the woody fibro is 
decomposed, and the mass, which has a dark-brown colour, is 
entirely soluble in water, but it contains only from 1 to 4 per cent, 
of oxalic acid, 0 *5 per cent, of formic acid, and no acetic acid. The 
mass is now exposed still longer to the same temperature, great 
care being taken to avoid any charring, which would cause a loss 
of oxalic acid, and as soon as the mass has become dry the 
operation is complete. The product, which contains about 20 per 
cent, of anhydrous oxalic acid, combined of course with alkali, 
is then treated with warm water, when the excess of alkali and 
the salts of potash and soda are dissolved with the exception of 
the difficultly-soluble oxalate of soda, which falls to the bottom. 
The purpose served by the soda is here apparent. The super- 
natant liquor is drawn off and evaporated to dryness, and the 
residual mass heated in a furnace in order to drive off the 
organic matter and recover the alkalis which it contains, and 
which are again employed, after having been causticized, for 
acting on fresh sawdust.^ The oxalate of soda is decomposed 

^ The proportion between the two alkalis in this material is of course different 
from that contained in the orinnal mixture. In order to bring them q^uickly into 
work again, it is nccessaiy to have a rapid method by which their relative amounts 
can be determined. A senes of experiments led Dale to the following simple method 
of analysis. A given volume of the solution is neutralized with tartaric acid of 
known strength, and then an equal volume of the acid afterwards added, when 
acid potassium tartrate is thrown down, its precipitation being aided by stirring. 
In Older to obtain exact results, the solution thus obtained of the acid sodium tar- 
trate must be nearly saturated, or its specific gravity must 1^ 1*09. According 
to Dale, cream of tartar does not dissolve appreciably in a solution of acid sodium 
tartrate if the specific gravity does not fall below 1'03. If perfectly accurate 
results are required, the precipitate must be washed with dilute alcohol. When 
the acid potassium salt (cream of tartar) is separated out, it is filtered off and 
washed with a small quantity of water. The filtrate is treated \dth standaM 
soda, the amount of this alkaM used being equal to that contained in the original 
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byboiliag with milk of lime, when caustic soda and insoluble 
calcium oxalate are formed. The calcium salt is then decom- 
posed by sulphuric acid, the liquid separated from the gypsum 
and evaporated to crystallization.^ 

Other manufacturers use a mixture of equal molecules of the 
two alkalis, or, as is now common, only caustic potash, as potash 
salts are now so much cheaper than formerly. A complete 
series of experiments made by William Thorn* have shown 
that when spread in thicker layers, the yield is larger the greater 
the proportion of potash to soda. When thinner layers are em- 
ployed the yield is still better, but this remains constant whether 
Dale’s proportions are employed or caustic potash alone is used. 
This observation was, however, made long ago by Mr. Dale. 
The kind of sawdust employed is of importance. Hard woods 
yield less acid than soft woods, such as poplar and the coniferas, 
and as pine sawdust is common, this is almost universally 
employed. 

525 Properties, Oxalic acid, C2H2O4 + 2H2O, crystallizes readily 
in monoclinic prisma. It is easily soluble in water and alcohol, 
and its acid taste is more powerful than that of any of the other 
organic acids. It decomposes calcium fluoride, many chromates, 
and the phosphates and arsenates of several of the heavy metals 
(Berthollet). When heated with common salt, hydrochloric acid 
is given off; sodium nitrate is likewise attacked by oxalic acid, 
acid sodium oxalate being formed in both cases. 

Like all strong acids, oxalic acid acts in largo doses as a poison. 
Accidental poisoning with oxalic acid usually results from its 
being mistaken for Epsom salts. In small doses, however, it is 
quite harmless, as is seen from the fact that it is contained in 
garden rhubarb, and many other plants frequently used as 
articles of food. Doses up to one gram given to a dog did not 
produce any visible evil effects,^ nor was any effect noticed in a 
dog to which twelve grams of normal potassium oxalate were 
administered for several days (Dale). 

liquid. The acid tartrate of potash is next thrown into water, together with the 
filter paper, and the whole titrated with caustic potash, and the amount of 
caustic potash contained in the mixture thus directly obtained. Comparative 
experiments with mixtures containing known quantities of the two alkalis showed 
that this process, which is a very quick one, yields accurate results. (We are 
indebted to Mr. Dale for these particulars, which are now published for the fii-st 
time.) 

^ Schunck, Smith, and Roscoc, Report Brit, Aaaoc, 1861, 120. 

* Ber, Entw. CJieni, 2nd, ii. 410. 

Pfeiffer, Ardh, Phai'm, [3], xiii. 544. 
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The crystallized acid gradually loses its water of cr^talliza- 
tion when placed over sulphuric acid ; and when heated to 100 ® 
it falls to a white powder which sublimes iu white needles at 
165®, a portion, however, undergoing decomposition into carbbn 
dioxide and formic acid, or into carbon monoxide and water, the 
products of decomposition of the latter acid. At higher temper- 
atures this decomposition is complete. If the crystallized acid 
be allowed to remain in contact with sulphuric acid, glistening, 
^ strongly-refracting rhombic pyramids of the anhydrous acid 
separate out, and these must be quickly dried with ^Iter paper, 
and washed with ether, as they quickly take up water and fall 
to powder.^ 

The commercial acid always contains alkalis. In order to 
purify it, the solution is warmed for some time to 40®, allowed 
to stand for six hours in a cool place, filtered, the filtrate 
evaporated to two-thirds, and well stirred during the cooling. 
The acid which separates out is then washed with cold water 
and crystallized a second time from boiling water. ^ An acid 
perfectly free from alkali is best obtained by sublimation, or by 
the decomposition of the pure methyl or ethyl ether with water. 

526 The anhydrous acid is not attacked by chlorine,* but 
it decomposes if vrater be present, hydrochloric acid and carbon 
dioxide being formed (Dobereiner). It may be crystallized from 
hot nitric acid, but when heated with nitric acid of specific gravity 
1*4 for some hours to 160® — 180®, oxalic acid is completely con- 
verted into water and carbon dioxide.^ It also suffers a similar 
oxidation at ordinary temperatures. It is only slowly oxidized in 
aqueous solution in presence of the peroxides of lead and of 
manganese (Manganese Evaluation, see Vol. II. Part II. p. 26). 
If the anhydrous acid be rubbed up with five times its weight 
of lead dioxide the whole mass becomes incandescent. Oxalic 
acid precipitates finely divided gold from solution of the chloride 
quickly, especially when heat-ed (Pelletier), and it also decom- 
poses platinic chloride, but only in the sunlight (Dobereiner), 

An acidified solution of potassium permanganate decomposes 
oxalic acid according to the following equation : * 

2 KMn 04 + 3H,SO^ 4- = K^SO^ + 2M.nSO^ 4 lOCOg 

48H2O. 

^ Reichardt, Jenaer Zeitsch, i. 244. 

* Siebold, Pharm. Joivm. Trans, [3], vi. 441. 

• Wohler and Hallwachs, Ann, Chem, Pharm, xcv. 120, 

^ Erlenmeyer, Ligel, and Belli, %b, clzxx, 220. 

» Vernon Harcourt, Jmm, Chsm, Soc, [2], v. 460. * 
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ThiM'eaction is employed in order to determine the strength 
of potassium permanganate solution^ which is frequently used in 
volumetric analysis. 

nWhen a dilute solution of oxalic acid is added to uranium 
nitrate and exposed to the air, a mixture of carbon monoxide 
and carbon dioxide is evolved.* 

Oxalic aoid, when heated with sulphuric acid, decomposes into 
carbon monoxide and carbon dioxide (Dbbereiner\ Phosphorus 
pentachloride acts upon it as follows : 

CgHA + PClg « CO + CO2 + 2 HC 1 + POCI3. 

Phosphorus trichloride decomposes the crystallized acid as 
follows : ^ 

CgHgO^ + 2H2O + PCI3 - CO + CO2 + 3 HC 1 4 - P(0H)3. 

From these decompositions it is clear that neither the anhy- 
dride nor the chloride of oxalyl can be prepared by the 
reactions by which these compounds are in the case of the other 
series, usually obtained. 

Oxalic acid is reduced to glyoxylic ® or glycollic acid * by the 
action of zinc and dilute sulphuric acid. 

Oxalic acid is used largely in calico-printing, dyeing, the 
bleaching of flax and straw, and in the preparation of formic 
acid and of the ethyl others, but since the introduction of so 
many artificial colouring-matters, its use for the two first of these 
purposes is not now so large as it was formerly. 


OXALATES. 

537 The oxalates have been carefully examined by Berzelius,® 
Rammelsberg,® and Souchay and Lenssen.^ 

They are very numerous, not only the normal and acid salts 
of this dibasic acid being known^ but the so-called super-acid 
and double salts also existing. 

All the oxalates are decomposed on heating. The products 
which are thus formed varying according to the chemical nature 

^ See Kamp, Ann. Chem. Fhwrm. cxzii. 113. 

^ Hurtzig and Geuther, czi 159. 

* Church, Joum, Chem. Soc. [2], i. SOL 

* Schulze, CAm. Centralb. 1862, 609 and 763. 

* Lehrbuch. • Poyg, Ann. xciii. 24, 

• ^ Ann. Chem, JPharm. xcix. 31 ; c. 308 ; cii. 86 ; ciii. 308; cy.245. 
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of the metal, or according to the presence or absence of air 
during the decomposition. The oxalates of the alkali-metals 
leave a residue of a carbonate, as also do those of the alkaline- 
earth-metals when they are not too strongly heated. Tfie 
oxalates of the metals whose carbonates decompose at a high 
temperature yield, on heating in presence of air, a mixture of 
the monoxide and dioxide of carbon, together with the oxide of 
the metal. When air is excluded, the carbon monoxide present 
may cause a partial reduction of the metallic oxides. Oxalates of 
metals whose oxides decompose on heating, yield carbon dioxide 
and the metal. On heating with concentrated sulphuric acid 
the oxalates decompose in a similar way to the acid itself, no 
blackening in this case taking place. This serves as an im- 
portant distinction between oxalic and the other solid vegetable 
acids. 

Normal Potamum Oxalate, GgO^Kg -f H„ 0 , crystallizes in 
monoclinic transparent pyramids or prisms, the surfaces of 
which are usually curved. It is easily soluble in water, and is 
used in the analysis of pyrolusite, and for other similar 
purposes. 

Add Potassium Oxalate, C2O4KH, is well-known under the 
name of salt of sorrel, and occurs in various species of oxalis and 
of rumex, in garden rhubarb and various other plants. It forms 
either anhydrous monoclinic prisms, or crystals belonging to the 
triclinic system, containing one molecule of water. It is only 
slightly soluble in cold water, and combines with oxalic acid to 
form potassium quadroxalaJte, CgO^KH + CgO^Hg + 2H2O, the 
salt crystallizing in large triclinic crystals. Commercial salt of 
sorrel, used for the removal of inkstains from linen, consists 
generally of this compound. 

The oxalates of potassium were first analysed by Wollaston, 1 
and these researches, as well as the analyses of the strontium 
oxalates by Thomas Thomson, served as an important confir- 
mation of the truth of the law of combination in multiple 
proportion. 

Normal Sodium Oxalate, CgO^Naj, requires thirty-six parts of 
water for solution at the ordinary temperature, but is much more 
easily soluble in hot water, and on cooling separates as a sandy 
powder or in fine glistening needles. It also occurs in various 
plants growing in salt marshes, as salicomia, salsola, &c. 

Acid Sodium Oxalate, 2020,^IINa -f HgO, is still less soluble, 

1 Phil. Trana, 1808, 99.. 
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and foipis hard crystals which are unalterable in the air, and 
does not form any compound with oxalic acid. 

Normal Ammonium Oxalate, C,04(NH4)2 4 - HgO, is easily 
sqjuble in water, and crystallizes in rhombic prisms. This salt, 
which is used in chemical analysis, is found in Peruvian 
guano.* 

Acid Ammonium Oxalate, 2C204H(NH4) + HgO, is less 
soluble in water, and crystallizes in rhombic prisms. It forms 
with oxalic acid the compound, C204H(NH4) + C2O4H2 + 2H2O, 
isomorphous with the corresponding potassium salt. 

528 Calcium Oxalate, is a compound occurring largely 

distributed in the vegetable kingdom. It was first discovered 
by Scheele in the roots of the garden rhubarb, and then in 
many other plants, and termed by him calx soxcharata. It is 
also found in the cells of plants in crystals, and then termed 
raphides. The formation of these will be remarked upon here- 
after. Many lichens growing on limestone frequently consist of 
nearly half their weight of this salt,^ which is also found on the 
marble of the Parthenon, and was described by Liebig as a new 
mineral under the name of Thierschite, this being probably 
formed by the action of a lichen. Calcium oxalate is also found 
in various animal liquids, as in urine. ‘ It also occurs in urinary 
deposits, being known as the mulberry calculus, from its peculiar 
appearance. 

If a neutral solution of a calcium salt bo mixed with one of 
an oxalate, calcium oxalate separates out, even in very dilute 
solution, as a crystalline precipitate which is insoluble in water 
and acetic acid, though dissolving in nitric and hydrochloric 
acid, &c. This reaction, which is much used to distinguish 
oxalic from phosphoric acid, and also for the detection and 
quantitative determination of calcium, was noticed soon after 
the discovery of oxalic acid by various chemists, and recom- 
mended by them as the best means of detecting lime, but others 
believed that oxalic acid was an unreliable reagent, as in pre- 
sence of mineral acids no precipitate made its appearance. 
Darracq then showed that, on neutralization with ammonia, lime 
could always be detected by means of oxalic acid. 

Precipitated calcium oxalate contains water, and after drying 
at 100° has the composition C204Ca + HgO, the precipitate 
obtained from boiling solution having also the same composi- 
tion. The same hydrate is obtained in monoclinic laminro when 

>> ^ Braconnot, Ann, Chim, Ffiys. xxviii. 318. . 

VOL. III. I* 
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the salt is dissolved ia boiling hydrochloric acid or nilric acid 
and allowed to cool. It becomes anhydrous at 180®, but on 
exposure to air again absorbs water. A solution in an excess of 
cold hydrochloric acid deposits on standing tetragonal tables, 
having the composition CgO^Ca + SHgO, and this compound is 
also found in the cells of plants, being probably deposited from, 
a saccharine solution,^ as Scheibler has proved thdl it easily 
dissolves in the juice of mangel-wurzel. Vesque^ has also 
shown that it readily dissolves in glucose and dextrine, and 
Monier ® obtained it crystalline by allowing a solution of oxalic 
acid to stand in contact with one of lime dissolved in sugar, and 
these crystals exactly resembled the raphides. 

An acid calcium oxalate is not known, although barium and 
strontium yield, in addition to the very insoluble normal salts, 
acid oxalates, C204Ba + + 2H2O, and CgO^Sr + 

+ 2H2O. The acid oxalates are easily soluble in water, but the 
solutions decompose, especially on warming, with separation 
of the normal salt. They are probably molecular compounds, 
analogous to potassium quadroxalate. They may, however, be 
really acid salts having the following constitution : 






Ba. 


529 Lead Oxalate, C204Pb, is a heavy precipitate, insoluble in 
water, which is, however, soluble in nitric acid, and also in a 
solution of sal-ammoniac and other ammoniacal salts. When 
heated in absence of air to 300® it decomposes according to the 
following equation : ^ 

2C204Pb = SCOg + CO + PbgO. 

SUver Oxalate, ^ white precipitate which decom- 

poses at 110®, and detonates when quickly heated. 

Mercuric Oxalale, C204Hg, can only be obtained in the pure 
state by adding mercuric nitrate to a very large excess of a 


1 Schaibler, Zeitack, Chem, [2], i. 02. 

^ Vesque, Cempt, Rerid. Ixxviii. 149. 

* Momer, ib. Ixiii. 1013 ; Ixxviii. 800. 

. ^ Peloiize, Ann, Chim, Pkya, [3], iv. 104 : seo also Manmene, Compt, Rend, 
Ixzi. 797 and 837. 
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solutioiK^ of oxalic acid. The dry salt explodes with great 
violence on percussion. 

Ferrqiis Oxalate, CgO^Fe, occurs in the brown-coal formation 
aiMl is termed by the mineralogists humholdtine, or oxalite. It 
contains molecules* of water^ and often occurs in capillary 
forms, but also in botryoidal masses, and in plates, with a fibrous 
or compa^ structure. If a solution of green vitriol be mixed 
with oxalic acid or an oxalate, ferrous oxalate is thrown down as 
a heavy bright yellow powder, insoluble in water, and only 
slightly soluble by dilute acids. When a solution of ferric 
hydroxide in aqueous oxalic acid is exposed to the action of 
sunlight, carbon dioxide is evolved, and the ferrous salt is pre- 
cipitated in fine lemon-coloured glistening crystals. This 
substance has, like the precipitated salt, the composition 
CgO^Fe + 2H2O. On heating it leaves a very finely divided 
oxide of iron, which serves as a useful polishing powder for 
optical purposes. It has been proposed by Draper ^ to employ 
the above reaction as a means of measuring the chemical action 
effected by sunlight. It has also been used as a sensitive 
photographic agent in the production of Herschers cyanotype. 

If a solution of a normal oxalate be added to one of ferric 
chloride, a yellow precipitate is slowly formed, which is probably 
normal ferric oxalate. This compound is also formed when 
ferric hydroxide is treated with a solution of oxalic acid. An 
excess of the latter must be avoided, as the salt dissolves readily 
in this acid. 

530 Oxalates of Antimony, This metal only forms insoluble 
basic oxalates; but, on the other hand, the double salts of 
antimony and the alkali metals dissolve in w'ater, and are of 
interest, as, unlike most antimony salts, they are not decomposed 
by water, for which reason probably they might be employed as 
a substitute for tartar emetic in dyeing and calico-printing. 

Antimony Potassium Oxalate, is obtained 

by dissolving antimonic acid in a hot solution of acid potassium 
oxalate, when it deposits in monoclinic crystals. 

.Antimony Sodium Oxodate, (0204)3SbNa3-f CgO^Nag-l- lOHgO, 
is prepared in a similar way to the potassium compound, and is 
deposited in the form of glistening crystals.^ Other double salts 
have also been described. 

Arsenic trioxide seems to form similar double salts. 

* Phil, Mag. [4], xviii. 91. 

^ Svenssen, Ber, Deulsch. Chem. Ges, iii. 314. 

I* 2 
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ETHEREAL SALTS OP OXALIC ACID. 

• 

531 Methyl Oxalate, ^ body, first pre- 

pared by Dumas and Peligot ^ by distilling methyl alcohol with 
sulphuric and oxalic acids. According to Weidtnann and 
Schweizer,® salts of sorrel may be advantageously employed in 
2 Dlace of the acid. The same chemists found that the ether is 
formed by heating wood-spirit with oxalic acid. According to 
Erlenmeyer,^ it is best obtained by dissolving anhydrous oxalic 
acid in boiling methyl alcohol, and bringing the crystals which 
are deposited, on to a vacuum filter, and washing with cold water 
until the li(iuid which runs off no longer gives the iodoform 
reaction. 

Methyl oxalate crystallizes in rhombic tables ; it melts at 51®, 
and boils at 162®. When brought in contact with water it 
decomposes, slowly in the cold and more quickly on warming, 
into oxalic acid and methyl alcohol. 

Mhyl Oxalate, ^bis ether is a liquid, and was 

first obtained by Bergmann by distilling together oxalic acid 
and spirit of wine. It was soon afterwards investigated by 
other chemists, who gave a variety of methods for its prepara, 
tion.^ It is best obtained according to the method given by 
Frankland and Duppa.® A mixture of three parts of anhydrous 
oxalic acid and two parts of absolute alcohol is slowly heated 
for some time in a tubulated retort to 100 ®, and afterwards the 
temperature raised to 125® — 130®, when the vapour of two 
parts of absolute alcohol is passed in. The product is then 
purified by fractional distillation. 

Ethyl oxalate is a liquid possessing a slightly aromatic smell, 
boiling at 186®, and having at 15® a specific gravity of 1*0824. 
It behaves in a similar way with water to methyl oxalate. This 
substance is used for the separation and purification of the amines 
(Vol. III. Part I. p. 221), and for the synthetical preparation of 
various acids of the lactic acid group. Ethyl oxalate, when exposed 

^ Ann. Chim. Phys. Iviii. 44 ; Ann. Chem. Pharm. xv. 32. 

^ Pogg. Ann. xliii. 602 ; see also Wohler, Ann. Ch&m. Pharm. Ixzxi, 376. 

* Pep. Pharm. [2], xxiii. 432 ; see also Cahours and Demar^ay, Bull. Soe. 
Chim. [2], xxix. 468. 

< Thenard, 3£hn. Soe. dHAeueil. ii. 11 ; Bauhof, Schw&ig. Joum. xix. 308 ; 
Dumas and Boullay, Joum. Pharm. xIy. 113; Mitscherlich, Lehrh; Lowig, 
Jomn. Prakt. Chem. Ixxxiii. 129 ; Ixxxiv. 1 ; Kolbe and Kadle, Awn. Chem. 
Pharm. cxix. 173. 

« 1 . 



ETHEBEAL SALTS OF OXALIC ACID. 


117 


to the Action of chlorine in sunlight, yields, as the last product, 
perchlorethyl oxalate, C204(C2Cl5)2» an odourless body, crystal- 
lizing in rectangular prisms, which melt at Ethyl oxalate 

decomposes on repeated distillation into carbonyl chloride, car- 
bonic oxide, and triacetyl chloride. When it is heated with 
sodium, carbon monoxide is formed and ethyl carbonate pro- 
duced.^ !rhe same decomposition takes place when sodium 
ethylate is employed, other products being also produced.® 

Acid Ethyl Oxalate^ or Ethyl Oxalic Acid, C204(C2H5)H. The 
potassium salt of this acid is obtained by the action of a solution 
of caustic potash in absolute alcohol on ethyl oxalate, when this 
compound separates out in laminae. If these be dissolved in 
aqueous alcohol, some potassium oxalate remains behind, and, on 
addition of the requisite quantity of sulphuric acid to the filtrate, 
potassium sulphate is thrown down, whilst ethyl oxalic acid 
remains in solution. If this be diluted with water, saturated 
with barium carbonate, and the filtrate evaporated on the 
water-bath to a small bulk, crystals of barium ethyl oxalate are 
obtained. By decomposing the aqueous solution of this salt 
with dilute sulphuric acid, free ethyl oxalic acid is obtained. 
It is very unstable, decomposing readily into alcohol and oxalic 
acid, even when the solution is evaporated in a vacuum.'* 

Ethyl Oxalyl Chloride, 0202(0C2H5)C1, is formed by the action 
of phosphorus oxychloride on potassium ethyl oxalate. It is a 
fuming mobile liquid, possessing a suffocating odour, boiling at 
140 ®, and exhibiting the usual properties of the acid chlorides.® 

Amongst other ethereal salts of oxalic acid the following 
may be mentioned : 

B. r. 

® Methyl-ethyl-oxalate, 0204(0113) (CgH^) . 160 — 170 ® 

^ Propyl oxalate, 0304(03117)2 . . . 209 — 211 ® 

^ Isobutyl oxalate, 0204(04115)2 . . . 244 — 246 ® 

® Amyl oxalate, 0204(051111)2 . . 265 ® 

^ Malaguti, Ann, Chim, Phys, [2], Ixxiv. 299. 

^ Ettling, Ann, Chem. Phann, xix, 17. 

* Geuther, Zeitseh, Chem, [2], iv, 656 ; Cranston and Dittmar, Joum, Chem, 
SoG, [2], vii. 441. 

^ Mitscherlich, Pogg, Ann, xxxiii. 832. 

^ Henry, Ber. Devisch, Chem, Qes, iv. 598. 

^ Chancel, JaJiresh, 1860, 469. 

7 OahouTs, Compt, Bmd. Ixxvii. 749 and 1408. 

^ Balard, Ann, Chim, Phys, [3], xii. 309 ; Delifs, Jdhresh, 1854, 26. 
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AMIDO-COMPOUNDS OF OXALYL. 

• 

532 Oxamide, C204(NH2)2. This body was obtained by Bauhof 
in 1817, by acting upon ethyl oxalate with aqueous ammonia.^ 
He, however, considered it to be '^an intimate triple compound, 
consisting of oxalic acid, alcohol, and ammonia.” Liebig,^ in 
1834, showed that the body thus prepared is identical with the 
oxainide obtained by Dumas in 1830 by distillation of ammonium 
oxalate.® 

In order to prepare it, ethyl oxalate, which need not neces- 
sarily be perfectly pure, is shaken up with aqueous ammonia. 
The liquid becomes warm, and oxamido separates out as a white 
precipitate. Oxamide is also formed, together with other pro- 
ducts, by the action of nitric acid on potassium ferrocyanide,^ as 
well as when potassium cyanide is warmed with manganese 
dioxide and a small quantity of sulphuric acid, or when aqueous 
solutions of hydrocyanic acid and hydrogen dioxide are allowed 
to stand for some days.® 

Oxamide is a light crystalline powder, almost insoluble in 
water, alcohol, and ether. When heated with alcohol for a 
few days to 210° — 220°, it is converted into small rectangular 
prisms with pyramidal terminations.® It is perfectly neutral. 
When boiled with water and mercuric oxide, the compound 
2®2^2(^^2)2 + HgO is formed as a white insoluble powder.^ 
When oxamide is heated with water and strong acids or alkalis, 
it forms oxalic acid and ammonia. 

Ethyl Oxamide^ CO.NH(C2H5).CO(NH2), is easily formed by 
the action of aqueous ammonia on ethyl oxamethane (p. 121), 
It is easily soluble in water, alcohol, and ether, melts at 
202° — 203°, but sublimes at a lower temperature in fine woolly 
crystalline masses (Wallach and West). 

533 Diethyl Oxamide, C202(NH.C2H5)2, was first prepared by 
Wurtz by acting with ethylamine on ethyl oxalate.^ It is 
best prepared by mixing a well-cooled, concentrated aqueous 

^ Schweig» Joum. xix. 313. 

* Ann, Chem. Phanm, ix. 11 and 129. 

Ann, Chim, Phys, xliv. 129 ; Hy. 240. 

* Playfair, Phil. Trans, 1849, iL 477 ; see also Vol. II. Part II., p. 115. 

Attneld, Joum, Chem, 80 c, [2], i. 94. 

* Geuther, Ann, Chem, Pharm, cix. 72. 

Deasaignes, Ann, Chim, Phys, [3], xxxiv. 143. ^ 

® Rt XXX. 490. • 
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soluticfli of ethylamine with ethyl oxalate.^ This compound 
crystallizes in needles which are difficultly soluble in water but 
dissolve more easily in alcohol, and it volatilizes without de- 
composition. By acting upon it with phosphorus pentachloride 
the following compounds are obtained : 

CCl2.N(C2HJH CC1.N(C2H5)H 

I and II 

CCVN(C2H5)H 0C1.N(0,H5)H. 

These have not yet been prepared in the pure state. Their 
probable constitution is, however, indicated by the fact that they 
maybe again converted into diethyl oxamide by means of water. 
If, however, the product be allowed to stand for some days with 
the phosphorus oxychloride which has been formed, decomposition 
occurs, and the tertiary amine, chloroxalethyline, C^HgClNg, is 
formed, the hydrochloride of which remains behind if the phos- 
phorus oxychloride be distilled off under diminished pressure* 
This substance crystallizes in prisms, and yields a crystalline 
platinichloride. By distillation with caustic potash the free 
base is obtained as an oily narcotic-smelling liquid, boiling at 
217® — 218®, and having an alkaline reaction and crystallizing 
when strongly cooled. It combines with varibus metallic salts, 
forming crystalline compounds, and with the iodides of the 
alcohol radicals to form compound ammonium iodides, such as 
CgHgOlNg.CHgl, crystallizing in prisms, and yielding a strongly 
alkaline hydroxide on treatment with silver oxide. 

By the action of sodium on a solution of chloroxalethyline in 
petroleum oil, dioxalethyline, is formed, a thick liquid, 

having an alkaline reaction, and boiling above 300®.^ 

Oxalethyline, CgHjgNg, is formed when the chlorine-compound 
is heated with hydriodic acid and amorphous phosphorus, and the 
product decomposed by caustic soda. It is a thick, transparent, 
oily liquid, boiling at 212® — 213®, and having a strongly narcotic 
smell.^ Most of its salts crystallize well, and like chloroxai- 
ethyline it is a tertiary base.^ 

Oxalethyline is poisonous, producing the same symptoms as 
atropine, the poisonous principle of the deadly nightshade, espe- 
cially the dilatation of the pupil, though it does not act so 
powerfully as this alkaloid. Chloroxalethyline, on the other 

* Wallach, Ann, Chem, Pharm, clxxxiv. 33. 

^ Wallach and Oppenheim, Ber. Deviaeh, Ohem, Qes, x. 1193. 

^ * Wallach and Strieker, ib, xiil 511. 

^ Wallach and £. Schultze, ih, 514. 
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hand, does not produce these symptoms, and acts upon the 
brain in a similar way to chloral hydrate.^ 

The oxamides of the other alcohol radicals give compounds 
similar to those which have been now described.^ « 

534 Oxamic Add, C0(NH2)C02H, was discovered in 1842 by 
Balard,^ who obtained it by heating acid ammonium oxalate. 
Its ammonium salt is formed when oxamide is boiled for some 
time with aqueous ammonia : ^ 

CO.NH. CO.NH 2 

I + H,0 = I 

CO.NH 2 CO.ONH*. 

Free oxamic acid is obtained from this salt by decomposition 
with hydrochloric acid. It is deposited as a fine crystalline 
powder, which dissolves at 14° in seventy-one parts of water, 
and melts at 173°, yielding oxamide and the products of decom- 
position of oxalic acid. If the acid be boiled with water it 
combines with it to form acid ammonium oxalate. It is mono- 
baaic, and forms crystalline salts.^ 

Ethyl Oxamate, or Oxamethane, C0(NH2)C02(C2H5), was dis- 
covered in 1828 by Boiillay and Dumas,® and then examined by 
the latter chemist, who termed it oxamethane,^ as well as by 
Liebig,® who considered it to be “ an oxamate of ammonia.” It 
is best prepared by dissolving ethyl oxalate in two to three 
volumes of alcohol, and gradually adding to this liquid, well 
cooled with ice, the requisite quantity of ammonia in alcoholic 
solution.® 

It is easily soluble in water and alcohol, and crystallizes in 
flat, long, rhombic needles, which melt at 114° — 115V® It can 
be distilled without decomposition, and is quickly converted by 
ammonia into oxamide. 

535 Ethyl Oicamic C0.NH(02H5)C02H, was obtained by 
Wurtz^^ by heating acid ethylamine oxalate to 180®. Heintz'^ 
.discovered it amongst the products of the action of ethylamine 

^ H. Schultz, Bcr, DeiUsch, Chcm, Qea, xiii. 2353. 

> Wallach and E. Schultzc, iJb, ziv. 420. 

* Ann, Chim. Phya, [3], iv. 08. 

^ Toussaint, Ann, Chem, Pharm, cxx. 237. 

' * EngBtrom, Joum, Prakt. Cham, Ixviii. 433 ; Bacaloglo, ib, Ixxxi. 879« 

* Ann, Chim. Phya. xxxvii. 37. ^ Ih, liv. 241. 

* Ann. Chem. Pharm. ix. 129. 

® Joum. Prakt. Chem. [2], x. 193. 

Widlach, Ann. Chem, Pharm, clxxxiv. 8. 

Ann. Chim. Phya. [3], xxx. 490. ^ 

” Ann. Chem. Pharm. cxxvii 43. 
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on ethyl oxalate. Wallach and West^ have shown that thp 
ethyl ether is fonned in this reaction, and is best obtained by 
mixing a solution of the amine in absolute alcohol with ethyl 
oxalate, allowing the mixture to stand for some time, and 
then distilling the alcohol off and fractionating the residue in 
order to separate the excess of ethyl oxalate. Diethyl oxamide 
crystallizes out from the higher boiling portions on cooling, and 
its separation may be aided by placing it in a freezing mixture. 
It is then brought on to a vacuum filter and freed from the 
liquid. This latter, which is oxame/Aane, CO.NH(C 2 H 5 ) 
C02.C2Hg, boils at 244® — 246®. When pure it has a faint smell, 
but usually smells of the carbamines. It is decomposed by 
water, and more readily by bases with formation of ethyl 
oxamic acid. This latter substance is easily soluble in water, 
crystallizes in six-sided laminae, melts at 120°, and sublimes, 
when strongly heated, in thin, elastic needles. 

DietAyl Oxamic Acid, C0.N(C2Hg)2C02H. The ethyl ether 
of this acid is formed by acting with dicthylamine on ethyl 
oxalate. It is a liquid boiling at 160°.^ When heated with 
milk of lime this ether yields the calcium salt of the acid. 
From this the free acid can be obtained by the addition of oxalic 
acid. It is easily soluble, and crystallizes in monoclinic prisms, 
which, on heating, fuse and easily sublime in thin needles.® 
Besides the ethylated oxamides and oxamic aciils above 
described, a large number containing other or two different 
alcohol radicals have been prepared. Their mode of preparation, 
reactions, &c., correspond to those of the ethyl compounds. 

IsodietAyloxamide, CO(NH 2 )CON(C 2 H 5 ) 2 . is obtained when the 
ethyl ether of the foregoing compound is treated with concen- 
trated aqueous ammonia. It crystallizes in large, thick prisms, 
fuses at 126® — 127®, and boils at 266® — 268®; it begins, how-' 
ever to sublime at 100®. When heated with phosphorus pent- 
oxide the nitril of diethyl oxamic acid, CN.CO(N.C 2 Hg) 2 , is 
formed. It is a faintly smelling liquid, boiling at 219® — 220®. 

Trieihyl Oxamide, CO(NH.C 2 H 5 )CON(C 2 H 5 ) 2 , is formed when 
the ethyl ether of diethyl oxamic acid is treated with ethyl- 
amine. It is a liquid soluble in water, boiling at 257® — 259®.^ 
BiAydroxyl Oxamide, C202(NH.0H)2, is obtained by the addi- 
tion of ethyl oxalate to a boiling alcoholic solution of hydroxyl- 

^ Ann, Chem, PJMfni, clxxxiv. 67. 

* Hofmann, Compt. Mend. lii. 902. 

» ^ ® Heintz, Ann, Chem, Pharm, cxxvii. 43. 

^ AVaUach, Ber, DevAech, Ch&m, Gee, xiv. 735. 
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amine. On cooling, the compound C202(NH.0H)2.IfH20H 
separates out in thin lamindB, which decompose on addition of 
hydrochloric acid, and on evaporation yield a crystalline mass 
which is purified by recrystallization. It is difficultly soluble in 
water, crystallizes in small prisms, and acts as a weak dibasic 
acid. Both it and its salts deflagrate on heating.^ 

The carbamide compounds of oxalic axid were first obtained by 
oxidizing uric acid. They will be described under that acid. 


The Nitrils of Oxalic Acid. 


536 Dibasic oxalic acid forms the two following nitrils : 


Cyaaformic Acid. 

CN 


L 


OH. 


Oxaloiiitril, or Cyanogen. 

ON 



Cyanformic Acid, CN.COgH. This compound, commonly 
called cyancarhonic add, is not known in the free state, but 
Weddige has prepared several of its ethers by heating oxamic 
ethers with phosphorus pentoxidc to 160® — 170® 

CO.NH2 CN 

I =1 + H 2 O. 

CO.OC2H5 CO.OC2H5 

Ethyl Cyanformate, CN.CO2C2H5, is also formed by the 
action of phosphorus pentachloridc on ethyl oxamate.® It is a 
mobile, highly refracting, ethereal smelling liquid, boiling 
at 116®. Nascent hydrogen reduces it to glycocol (Wallach). 
When heated with water it decomposes with formation of hydro- 
cyanic acid, carbon dioxide, and alcohol. Concentrated hydro- 
chloric acid converts it into oxalic acid, but the gaseous acid 
transforms it into its polymeride, ethyl paracyanformate, the 
probable formula of which is C3N3(CO.OC2H5)3. This body 
is deposited in glistening crystals, scarcely soluble in water, and 
dissolving only with diflSculty in boiling alcohol. The crystals 
melt at 166®, and decompose when more strongly heated. Cold 
caustic potash decomposes the ether with formation of potassium 
paraxyanformaie, C3Ng(C02K)8, crystallizing in long needles. 
Hydrochloric acid added to this substance liberates the free acid, 

^ Lossen, Ann, Chcni, Pharm, cl. 314. 

^ Joum, Prdkt* Chem, [2], x. 198. ^ * 

^ Wallach, Ann^ Chem, Pharm, clxxxiv. 12. 
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as a \Aite, light, crystalline powder, very difficultly soluble in 
water, and decomposing when strongly heated. On boiling with 
water, oxalic acid and ammonia are formed. 

•Ethyl Isocyanformate, ON. € 02 ( 02115 ). This body, a compound 
belonging to the carbamines (Part I., p. 159), was termed by 
Salomon isocyancarbonic ether. He obtained it by acting with 
alcoholic potash on ethyl carbamate and chloroform, but he could 
not examine it further as, unfortunately, he inhaled some of its 
vapour, which produced so serious an effect on his lungs that 
convulsions ensued, and although he recovered, his health was 
so much shattered that he gave up the further examination of 
this unpleasant substance. He only further remarks that it 
possesses the peculiar smell of the carbamines.^ 

537 Oxalonitrily or Cyanogeity CgNg. This body, already de- 
scribed in the first volume, must here again be mentioned, on 
account of its relationship with oxalic acid. It was discovered 
in 1815 by Gay Lussac, who shoived that the cyanides of mercury 
and silver are decomposed when heated into cyanogen and the 
metal.2 It is likewise formed when oxamide is heated with 
phosphorus peiitoxide,^ and also by passing the induction spark 
from carbon poles in an atmosphere of nitrogen.^ 

In order to prepare it, well-dried cyanide of mercury is heated 
in a tube or small retort of hard glass, and the gas collected over 
mercury. It is colourless, possesses a peculiar smell resembling 
peach-kernels, and is easily inflammable, burning with a bluish 
purple-mantled flame. Its specific gravity is 18064. By pres- 
sure and by cooling it is converted into a liquid which boils at 
— 20®‘7, and at 17°'2 has a specific gravity of 0 866 (Faraday). 
Hofmann has described a simple apparatus for liquefying 
cyanogen.® On further cooling it solidifies to a radiating 
crystalline mass, which melts at — 34®‘4. Water dissolves about 
4*5 times its volume of the gas ; the solution, however, soon 
becomes yellow, and then brown, depositing brown flakes of 
azulmic acid, C 4 H 5 N 5 O, whilst the liquid is found to contain 
ammonium oxalate, ammonium oxamate, ammonium carbonate, 
oxamide, and urea.® In presence of small traces of aldehyde 

' Jotim, Prakt. Cheat, [2], ix. 298. 

* Ann, Chim, xcv. 172. 

* Bertagniiii, Ann, Chem. Pharm, civ. 176. 

• Morren, Compt, Pend, xlviii. 342. 

® Ber, DevAach, Chem, iii. 663. 

• Yauquelin, Ann. Chim, Phys, xxii. 182 ; Wohler, Pogg. Ann, xv. 627 ; 
^Mouze and Richardson, Ann, Chem, Pharm, xxvi. 63. 
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scarcely anything but oxamide is formed.^ The same coiftpound 
is obtained when strong hydrochloric acid is saturated with 
cyanogen.* 

Dry sulphuretted hydrogen does not act upon cyanogen, b<tt 
in presence of aqueous vapour the two following products are 
formed.* 

538 Thioxalenide, or Hydroflavic Acid, CN.CS.NHg, crystal- 
lizes in yellow needles, soluble in water and alcohol. 

Thio-oxamide, or Hydroruhianic Acid, (CS)2(NH2)2, forms 
yellowish-red crystals, difficultly soluble in water, but dissolving 
more readily in hot alcohol. 

Both these compounds decompose on boiling with dilute 
alkalis and acids with formation of oxalic acid, ammonia, and 
sulphuretted hydrogen. 

Aqueous ammonia absorbs cyanogen gas rapidly, and the 
solution soon forms the same products as are found in aqueous 
solution.^ 

Dry ammonia gas combines with cyanogen to form hydra-- 
zulmin, C4HgN^, a jet black, glistening amorphous mass, which 
forms with water the above-named azulmic acid or hydra- 
zulmoxin and ammonia. This body has a special interest 
because it stands in close relation to uric acid (Jacobsen and 
Emmerling). 

Paracyanogen, (CN)x, is always formed in small quantity when 
the cyanides of silver and mercury are heated as also when 
hydrazulmin is heated. It is a brown amorphous powder 
which, when heated for some time, volatilizes with formation of 
cyanogen. 
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539 Propylene, or Methyl Ethylene, CHgCHziCHg. This gas 
was discovered by J. W. Reynolds, who obtained it together with 
other products by passing the vapour of amyl alcohol through a 
tube heated to moderate redness. That it is formed in this 


^ Liebig, Aniim Cheni, Pharm. cxiii. 246. 

^ Volbard, iJb, clyiii. 118. 

* Gay Lussac, Ann. Chim, xcv. 136 ; Poret, Ann. PhU. xiii. 363 ; Wbhler, 
Pogg. Ann. iii. 177 ; Yblckel, Ann. Chrni. Pharm. xxxviii. 314. 

* Wohler, Pogg. Ann. iii. 177 ; xii. 253 ; Jacobsen and Emmerling, 
JDmtseh. Clwm. Get. iv. 947. 
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proces* in considerable quantity was shown by Reynolds, by pre- 
paring the dichloride and dibromide, which he analysed.^ About 
the same time Hofmann found that this gas occurs amongst the 
products of the action of a red-heat upon valeric acid.^ Pure 
propylene was first prepared by Berthelot and de Luca by acting 
with zinc and dilute sulphuric acid, or with mercury and fuming 
sulphuric acid on allyl iodide, C3H5I.® In the last case allyl- 
mercury iodide, CjHgHgl, is formed, and this is decomposed by 
strong acid or sulphuretted hydrogen with formation of pro- 
pylene.** AUyl iodide also yields pure propylene when its 
solution in glacial acetic acid is allowed to run on to granu- 
lated zinc.^ Instead of glacial acetic acid, alcohol may also be 
employed,® and, according to Niederist, this latter method is 
to be preferred.^ The following is the reaction which then 
occurs : 

C3H3I + C2H3.OH + Zn = C3H3 + CJI^OZnl. 

Propylene is also obtained by heating secondary propyl iodide 
with alcoholic potash,® as well as by allowing a mixture of iso- 
propyl alcohol and 2*6 times its volume of zinc chloride to stand 
for twenty-four hours and then heating it.® Propylene is also 
obtained in considerable quantities, but mixed with hydrogen, 
when glycerin, C^HgOg, is mixed with zinc dust, to form a thick 
paste, and the mixture heated.^® 

By the action of zinc ethyl on tetrachlormethane, the following 
reaction takes place : 

2CCI4 + SZnCaHJg = 203He + 2C3H, + 2C2H5CI + SZnClg. 

Zinc ethyl acts in a similar way on bromoform : 

CHBrg + + C^H^Br + ZnBr^. 

Propylene also occurs frequently amongst the products of 
decomposition of organic bodies by heat, and is, therefore, found 
in coal gas. 

Propylene gas possesses an alliaceous smell, has a specific 

^ Quart, Joum Chem, Soc, iii. 111. ® Ih, 121. 

* Ann, Chim, Phya. [3], xliii. 257 ; Ann, Chem, Pharm, xcii. 806. 

^ Linnemann, ih, Suppl. iii. 262. ^ lb, clxi. 54. 

* Gladstone and Tribe, Joum, Chem, Soc, 1874, 211. 

^ Ann, Chem, Pharm, cxcvi. 358. 

‘ B Erlenmeyer, ib, cxxxix. 228. 

* Friedel and Silva, Cmpt, Rend, Ixxvi. 1594. 

Clans and Kerstein, Ber, Deutach, Chem, Gea, ix. 695. 

Beilstein and Rieth, Ann. Chean, Pharm, cxxiv. 242. 

w Beilstein and Alexejew, Jahreah, 1864, 470. 
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gravity of 1'498, and is not liquefied at — 40^ but under increased 
pressure it can be condensed to a liquid (Bertbelot and de Luca). 
One volume of water absorbs at ^ 

f = 0*446506 - 0*022075 t + 0*0005388 

Absolute alcohol dissolves about twelve volumes of the gas, 
and concentrated sulphuric acid 200 volumes, with formation of 
isopropyl sulphuric acid (Bertbelot). 

540 Propylene Alcohol, or PropyUnt Qlycol, C8H0(OH)2, 
was obtained by Wurtz from propylene bromide in the same 
way as ethylene alcohol from ethylene bromide.^ It is also 
formed when propylene bromide, mixed with about thirty-six 
parts of water, is boiled in connection with a reversed condenser 
until it is all dissolved. In this way about 43 per cent, of 
the theoretical yield is obtained, whilst at the same time a con- 
siderable quantity of dimethyl ketone is formed. The production 
of these compounds is explained by the following equations : ^ 


CH3 

1 * 


CH3 


CHBr + 

1 

2H3O = 

CH.OH 

+ 2HBr. 

CHgBr 


1 

CH3OH 


CH, 

1 * 


OH3 

1 


CHBr + 

1 

H3O = 

CO 

i 

2HBr. 

CHjBr 


CH3 



Propylene glycol is a thick liquid having a sweetish taste, and 
boiling at 188®*4 (Linnemann). At 0® it has a specific gravity 
1-054. 

Propylene glycol can also be obtained from glycerin, 
CH2(0H).0H(0H).CH2(0H). If this body be gradually brought 
in contact with sodium amalgam until one molecule of glycerin 
has been employed for one atom of sodium, a transparent gum- 
like mass is formed, and this on heating first gives off water, and 
then evolves a gas, whilst a liquid passes over from which glycol 
may be separated by fractional distillation. The quantity 
obtained amounts to 10 per cent, of the glycerin employed. In 

^ Than, Arm, Chem, Pharm. exxiii. 187. 

* Aim, Chim. Phya [3], Iv. 488 ; Ixiii. 124. 

» Niederist, Ann, Chem, Pharm, exevi. 367. ^ 
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place of the amalgam, caustic soda may also be used. The 
residue contains the sodium salts of several acids, and* many 
other liquids are found in the distillate together with glycol.^ 
Amongst these, methyl alcohol, ethyl alcohol, propyl alcohol, 
and an hexylene have already been detected.® When propylene 
glycol is heated with zinc chloride, propionaldehyde is formed, 
and this is also produced when the glycol containing a trace 
of hydrochloric acid is heated to 215® — 220®.® 

Propylene glycol contains an asymmetric carbon atom, and 
Le Bel has successfully endeavoured to convert it into an 
optically active substance, making use for this purpose of the 
action of hacterinm iermo on a three per-cent, solution of the glycol 
to which the necessary bacterium-food had been added. After 
the fermentation had proceeded for several months, propionic and 
lactic acids were found in the liquid, whilst the glycol, which had 
not been attacked, exhibited levro-rotatory properties.* 

541 Propylene Oxide^ CgH^O. This body, isomeric with pro- 
pionaldehyde and with acetone, is formed by the action of 
caustic potash on propylene chlorhydrate ; ® 

CH 3 CHo 

I I 

CH.OH + KOH = CH + KCl + HgO. 

I I >0 

CH 2 CI CH/ 

It is a mobile liquid having an ethereal smell and a pungent 
taste, and boiling at 35®. Its specific gravity at 0 ® is 0'859, and 
that of its vapour 2*054. It is soluble in water, but insoluble 
in saline solutions. When heated with a solution of magnesium 
chloride, magnesia separates out, and when sodium amalgam is 
added to its aqueous solution, it is converted into isopropyl^ 
alcohol.® The oxide prepared from active propylene glycol is 
dextro-rotatory, and is the most volatile of all optically-active 
compounds which have as yet been prepared. 

Propylene Clilorhydrin, CH 3 .CH( 0 H)CH 2 C 1 , is formed by 
saturating propylene glycol with hydrochloric acid. The opera- 
tion must at last be conducted in the water-bath, and the pro- 
duct distilled. The distillate is saturated with sodium carbonate, 

^ Belhoubek, Ber, DcvUch, Chem, Oes, xii. 1872. .< 

® Jembach, Bull. 80 c. Chim, xxxiv. 146. * 

* Linnemann, Liebigs Ann. cxcii. 61. 

^ Cmnpt. Rend. xcii. 582. 

* Oser, Ann. Cherni. Phxirm. Suppl. i. 253. 

^ • Linnemann, ih. cxl, 178. 
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and the oily layer, which separates out, rectified.l^ The 
same compound is also formed by the -union of propylene 
and hypochloirous acid.® It is an ethereal smelling liquid 
possessing a sweet though pungent taste, boiling at 127^ and 
having at O'* a specific gravity of 1*1302; On oxidation it is 
converted into monochloracetone,® and hence it is chlorisopropyl 
alcohol. » 

* Propylene DicMorido, C 3 H^Cl 2 , is not only formed by the direct 
union of propylene and chlorine, but is obtained, together "V^dth 
other substitution-products, by the action of chlorine on propane ^ 
and isopropyl chloride. In the latter case, the isomeric dmethyl ” 
methylene dichloride is also formed and in larger quantity, but 
a small quantity of iodine be present, more of the former b6(fy4p 
produced, and when isopropyl chloride is heated with iodinii 
monochloride to 120®, no dimethyl methylene dichloride is formed, 
the whole product being propylene dichloride, mixed widi; small 
amounts of other bodies.® ^ 

Propylene dichloride is an oily liquid, smelling like ethylene 
chloride, boiling at 96®*8, and having a specific gravity at 14® of 
1*1666.® On heating with alcoholic potash, it yields two isomeric 
monochlorpropylenes which will be afterwards described. 

Propylene BromUydrin, C 3 H 3 Br(OH), is formed by acting with 
hydrobromio acid on propylene glycol. It is a luiuid boiling 
between 146®Wd 148®. 

Propylc'iie Bibromide, CgH^Br^, is a liquid similar to ethylene 
dibromide, boiling at 141®*6, and having at 17® a specific gravity 
of 1*9463. It is not only obtained 'from propylene and bromine, 
but also when primary or secondary propyl bromide is heated 
with bromine.^ When brought iii contact with acetic acid and 
zinc, propylene is rapidly evolved, whilst the dichloride under 
the same conditions is not attacked (Linnemann). The alcoholic 
solution is also decomposed by zinc.® 

Propylene lodhydrin, CjH 3 T(OH), is formed by the combination 
of propylene oxide and hydriodic acid. It is a liquid which ^an 
'bp distilled under a diminished pressure, but ^ very easily 
decomposed (MarkcwnikoflF). 

^ Oscr, Bulk Soc. Chim, 1860, 235. 

^ Markownikoff, Ann, Chem, P^rvn^ cliii. 261. 

V • lb, snd Compt, Rend, Ixzxi. 686, 728, 776. 

' ■ ■ ^ Schbrlemmer, Proc. Boy, Soc* xyii. 872. ' 

® Eriedel and Silra^ Bull, Soe, Chiin, xvi. 3. 

Linnemann, Alin, Chem, Pharm, clxi. 62. 

^ Linnemann, ib, cxxxvi. 61<; clxi. 41. 

Sabonejew, Ber, DivAseh, Chem,'Qe8, ix. 1810. ^ ^ 
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Prop^lme Di-iodide^ GjHgIg, is formed by the union of iodine 
with propylene in the sunlight. . It is an oily liquid having a 
specific gravity of 2*49, and is easily decomposed on exposure 
ta light, or on heating, with liberation of iodine {Berthelot and 
deJCiUqa). 

Propylene Nitrate, C 3 Hg(N 03 ) 2 ,* is a heavy colourless oily 
liquids obtained by adding propylene oxide to cold concentrated 
iiitric add.^ 

Propylene J>iamine,Q^^(^^^ 2 > ^ formed when propylene 
dibromide is heated for 3 to 4 days to 100® with alcoholic ajn- 
\tnpnia. The product of the reaction is treated with cauatie 
and then warmed with water until the alcohol and excels 
^ipr^toimonia have been volatilized. On distillation the hydrate, 
passes over as an oily liquid boiling pretty 
cbi^a^tly at 120®, but in the state of vapour this body under- 
goes diasooiation as is shown by its vapour density. In order to 
obtain jj^e anhydrous base, the hydrate must be repeatedly 
rectified over sodium. It is an oily liquid boiling at 119® — 120®, 
and having a specific gravity at 15° of 0*878. Exposed to moist 
air it absorbs water with such avidity, that a glass rod moistened 
with the substance becomes surrounded by a thick cloud, and the 
remaining portion solidifies by combining with the atmospheric 
carbon dioxide to form a crystaJliiie mass. 

The hydrochloride, C3H3(NH3C1)2, is also readily soluble in 
water, crystallising in long white ne|^dle5. It forms a platino- 
chloride, tolerably soluble in water, crystallizing in four-sided 
tablets.^ 


TRIMETHYLENE COMPOUNDS. 

543 These bodies, which have also been termed the primary 
prc^ylene ^compounds, contain the radical trimethylene 
— CHg — — , a body not known in the free state. 
The point or depariure for these compounds is trimethylene 
dibromide, a body which, together with propylene dibromide, was 
first obtained by Gergmont, by acting , tirith hydrobromic acid 
on allyl bfomide, the following reactions taking place : ^ 

V . » ■ 

' .Henry, Ser. DetUaeh,^ Chem, Qea, iv. 602. ' * Hofmaftn, ib, vi. 308. 

} Ann, Chem, Pharm, clviiijb 369 : see also Reboul, Comptes JUendua, Izxiv. 

■VOI.. HI. %. 
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CH, 

Sh . 

1 


CH.Br 

HBr ,= 

CHg 

CHaBr 


ilH^Br. 

OH2 


CH. 

1 

II 


CH 4 

1 

HBr 

CHBr 

1 

CH^Br 


CH^Br. 


Under certain circumstances, wliich will be afterwards detailed, 
only the first reaction takes place, so that the preparation of 
pure trimethylene compounds does not offer any difficulty. 

Trimetkylene Alcohol, or PHma't'y Propylene Glycol, C3 Hq(OH) 2. 
When the bromide together with potassium acetate and acetic 
acid ii^ heated to 100®, trimetliylene diacetate, C3Hg(0C2H30)2, is 
formed, a body boiling between 209° and 210°, and this yields the 
glycol on saponification with caustic baryta.^ It is a very thick 
aweet-tasting liquid boiling at 216°, having at 19° a specific 
gravity of 1*053, and being miscible in every proportion with 
water and alcohol. 

/CH2V 

Trimetliylene Oxide, CHof /O, is formed by the action of 

solid caustic potash on the chlorhydrin. It is a very mobile 
liquid boiling at 50°, possesses a pungent taste, and is soluble in 
water. 

Trimethylene Chlorhydrin, C3H0C1(OH), is prepared in a 
similar* way to the corresponding ethylene compound, though by 
this process some quantity of trimethylene chloride is formed 
at the i^me time. These bodies may, however, be readily sepa- 
rated, as the chlorhydrin is easily soluble in water. It is an oily 
liquid boiling at 160°, and having a specific gravity at 17° of 
1*132. 

Trimethylene Chloride, CgH^Clg, is best prepared by heating 
the bromide together with mercuric chloride for some time to 
160°. It is a pleasantly smelling liquid boiling at 117°, and 
having at 15° a specific gravity of 1*201.2 

Trimethylene Brom/ide, 03H3Br2, is best obtained by passing 
hydrobromic acid gas intq-allyl bromide surrounded by a freezing 

1 Reboul, Compt Rend, Ixxiz. 169. 

* Reboul, Ann, Chivfi. Phys. £d], xiv, 460. 
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inixtur#at — 19® to — 16\ When the liquid is saturated it is 
allowed to stand at a temperature of 35° to 40° in the dark, and 
this operation repeated until no further absorption of hydro- 
bremic acid takes place.^ It is a liquid boiling at 1G3° to 165°, 
and having a specific gravity at 0° of 2*0177. It differs from the 
ordinary propylene bromide not only by its high boiling pbint, 
but also inasmuch as it is not attacked, in alcoholic solution, by 
zinc (Sabanejew). When heated with sodium to 220° Reboul 
and Bourgoin fouml that ordinary propylene is formed.^ On 
the other hand, Freund obtained a gas which combined 
with difficulty with bromine, with formation of trimethylene 
bromide, and united with hydriodic acid to form primary 
propyl iodide.® Hence this gas is trimethylene, which, if it 
contain no free combining units, possesses the following 
constitution : — 

H H . 



Methylene Di-iodidCy CgH^Ig, is obtained by heating the 
glycol with hydriodic acid. It boils at about 227°, with partial 
decomposition, but may bo distilled at low pressures without 
undergoing change (Freund). 


DIMETHYL-METHYLENE COMPOUNDS. 

544 The starting-point of these is the oxide, as body already 
described as common acetone, or dimethyl ketone (Part I. p. 568). 

Dimethyl-methylene Chloride, (CH 3 ) 2 CCl 2 , was first prepared by 
Friedel, who termed it' methyl chloracetol, by acting with 
phosphorus pentachloride on acetone : ^ 

CH3.CO.CH3 + PCI3 = CH3.CCI2.CH3 + POCI3. 

1 Erlenmeyer, ^nn. Chem, Phami, cxcvii. 180. 

* Bull. Soe. Chim, zxviii. fi4. 

* MoTuMt, Chem, ii. 642. * Ann, Chem, Pharm, cxii. 236. 

K* 2 
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In order to prepare this body, acetone is allowed drop 
slowly on to well-cooled phosphorus pentachloride, and the di- 
chlorido separated from some monochlorpropylene, also produced, 
by fractional distillation.^ • 

The same compound is also formed together with propylene 
chloride by the action of chlorine on isopropyl chloride.* It is a 
colourless liquid boiling at 69°'7, and having a specific gravity at 
of 1-1827.® 

Dwiethyl-m ethylene Bromide (CH 3 ) 2 CBr 2 , also termed methyl 
hromacctol, is obtained by the action of phosphorus pentabromido * 
or phosphorus chlorbromide ® on acetone. It is best prepared 
from propylene bromide, which, when heated with alcoholic 
potash yields a mixture of a-brompropylene, CHs.CHziCHBr, 
boiling at GO'’, and /3-brompropylene, ClIg.CBrzzCHg, boiling at 
48®. If this mixture then be treated with highly concentrated 
hydrobromic acid for 5 to 6 days, the chief part of the a-com- 
pound remains unchanged. The portion of the product boiling 
between 115® and 135® consists mainly of methyl bromacetol, but 
also contains some propylene bromide and propidene bromide, 
which may be readily removed by allowing alcoholic potash 
solution to drop slowly into the boiling liquid, when they are 
converted into a-brompropylene which distils off.® 

Dimethyl-methylene bromide is a liquid boiling at 114® to 
114®'5, and having a specific gravity at 0° of 1-8149. It is only 
with difficulty attacked by alcoholic potash, but easily by sodium 
ethylate, when yS-brompropylene is formed, a body which again 
combines in the cold with hydrobromic acid to form methyl 
bromacetol. If the latter substance or the chloride be heated 
with sodium, propylene is formed. 


THE PROPIDENE COMPOUNDS. 


545 Propidene Chloride, CH 3 .CH 2 .CHCI 2 , is formed by the action 
of phosphorus pentachloride on propionaldehyde. It is a liquid 
possessing an alliaceous smell and boiling at 85° to 87°, and 
having at 10° a specific gravity of 1-143 (Reboul), 

^ Friedel and Ladenburg, Ann, Chem, Phat'm, cxlii. 316. 

* Friedel and Silva, Compt, JUnd, Ixxiii. 1379. 

* Linnemann, Ann, Ch^m, Phann, clxi. 67. • 

^ Linnemann, ih, cxxxviii. 125. 

* Friedel and Ladenburg, Zeitseh, Chem^ 1868, 48. ' 

* Reboul, Ann. Chim. Phys. p], xiv. 453. 
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Propidme Bromide, CH3.CH2.CHBr2. a-Brompropylenc com- 
bines slowly with liydrobromic acid, with formation of propylene 
bromide and propidene bromide. This latter is a liquid boiling 
aif about 130°. ^ 

The chlorides and bromides which have now been described 
clearly show the influence which the position of the halogen in 
the molecule exerts on the boiling point. 

Trimethylenc Clilorule . Propylene Chloride. 

CH 2 CI.CH 2 .CH 2 CI. CH 3 .CHCI.CH 2 CI. 

117°. 9G°*8. 


Pi-opidene Chloride. 


CH3.CH..CHC1. 

86 . 


Dienietliyl Methylene Chloride. 
CH3.CCI2.CH3 

G9°7. 


THE LACTYL COMPOUNDS. 

Lactic Acid, or a-OxYPROPioNic Acid, 

CH3,CTT(0H)C().,H. 

546 This acid was discovered by Schcele in 1780 in sour milk, 
and was termed by him acidum laciis s, galadimm. At first 
Scheele believed that this substance most closely resembled 
acetic acid, but afterwards, having discovered malic acid, he came 
to the conclusion that the acid from sour milk more nearly re- 
sembled this fruit acid. Up to the year 1804? Scliecle’s acid was 
believed to be a distinct compound, but in that year Bouillon- 
Lagrange, and in 180G Four^roy and Vauquelin, put forward 
the notion that it is merely acetic acid conta.ining some 
animal matter. This view was held by many chemists and 
■ was made the subject of many varying statements. Berzelius 
especially, who in 1808 discovered this acid in the juice of 
flesh, held at different times views respecting the identity of 
this acid which were antagonistic to one another. It was by 
the analyses of Liebig and Mitscherlich in 1832 that the 
individuality of lactic acid was first established, Pelouze and 
Gay-Lussac arriving at the same result in the following year. 
The acid found by Bracconnot at Nancy to be contained in sour 
tan-liquor and in the acid runnings of the starch-makers and 
similar liquids, and to which he gave the name of nanceic aM, 
'Vas shown by A. Vogel in 1818 to be lactic acid. 
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Liebig then proved, in 1847, that the lactic acid obtaiiiiB(J from 
flesh differed from ordinary lactic acid, and from this time up to 
the present, lactic acid has been investigated by many chemists. 
These researches have tended greatly to the development "of 
theoretical views, as well as to the enlargement of our ideas con- 
cerning the theory of types, and that of the linking of atoms. 
The molecular weight of lactic acid was taken to be double of 
that which is now adopted, until Wurtz showed that it is formed 
by the oxidation of propylene glycol in contact with air and 
platinum black. ^ Tliat the acid is oxypropionic acid was proved 
by Kolbe, who first ascertained that lactyl chloride, CgH^OClg, 
obtained by Wurtz by the action of phosphorus pentachloride 
on calcium lactate, is identical with chlorpropionyl chloride,® and 
this view was confirmed by IJlrich, who found that a-chlorpro- 
pionic acid when heated with alkalis passes into lactic acid.® 
The same holds good for a-brompropionic acid.* 

Lactic acid was first obtainted synthetically by Strecker, 
who acted with hydrocyanic acid on aldehyde-ammonia, 
obtaining a compound which he termed alanin. This sub- 
stance is amidopropionic acid, and it is transformed, in aqueous 
solution, into lactic acid by means of nitrogen trioxide,^ A 
more ready method of obtaining the body by synthesis is to 
allow a mixture of aldehyde, hydrocyanic acid, and hydrochloric 
acid, to stand as long as sal-ammoniac separates out.® In this 
case, the two first of these unite together to form oxypro- 
pionitril, a body which will be described further on, and this 
is converted by the hydrochloric acid into lactic acid : 

CHo.CH(OH).CN f 2HoO + HCl = CH3.CH(0H).C02H -h 
^ NH,C1. 

As lactic acid is produced from aldehyde or ethidene oxide, 
it has been termed ethidem lactic acid, to distinguish it from 
its isomerides. It is easily formed by a peculiar fermentation 
which the various sugars undergo, and hence it has been termed 
fermerUedion lactic a>cid. It also occurs in opium, and to this 
the name of thebolactic acid was given, as it was formerly 
believed to be a distinct compound, but it is, in fact, identical 


^ C<mpte8 Revdas, xlv. 306 ; xlvi. 12 8 ; Ann, Chem, Phamn, ov. 202 ; evil 
198. ^ lb, cix. 257. * Ib, 268. 

* Friedci and Macliuca, ih, cxx. 2S5. 

• Strecker, ib, Ixxv. 27 and 42. 


" Wislicenus, ib, cxxviii. 22. 
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with a«oxypropionic acid.^ This is also the case with the lactic 
acid produced in certain diseases, as in dyspepsia, where it occurs 
in the gastric juice, ^ for healthy gastric juice does not, as was 
formerly supposed, contain this acid.® It'is also found in sauerkraut 
(Liebig) and in the juice of many other vegetables which have 
turned sour. 

547 Preparation hy Fermentation, In order to prepare it, the 
method described for obtaining butyric acid from sugar is used 
(Part I. p. 591), the fermentation being stopped when the mass has 
become solid from the formation of calcium lactate. This salt is 
then decomposed by sulphuric acid, and the filtrate treated with 
zinc carbonate, when zinc lactate is formed.^ A simpler plan is to 
form this salt at once by adding two kilos, of zinc-white instead 
of chalk. After two or three weeks a magma of zinc lactate 
is formed, which is purified by recrystallization. It is then 
dissolved in boiling water and precipitated by sulphuretted 
hydrogen.® The filtrate is concentrated on a water-bath, until 
mannite, deposited together with the zinc salt, separates out, 
forming a pasty mass. This is then dissolved in the smallest 
possible quantity of water, and the lactic acid removed by 
shaking up with ether. 

According to Pasteur, the lactic acid ferment consists of ovoid- 
cells {PenicilliuTn glaucum) usually floating on the surface of 
the fermenting liquid in the form of a thin scum. This ferment 
sets up the lactic fermentation in solution of the various kinds 
of sugar, especially of the glucoses, when kept neutral. Access 
of air is necessary as well as nitrogenous food, such as hay 
infusion, &c. The pure ferment forms lactic acid only, without 
by-products, and it even converts alcohol in presence of infusion 
into lactic acid.® Lactic acid is also formed together with other 
products when grape-sugar, cane-sugar, or milk-sugar is heated 
with caustic soda.^ 

548 When a solution of lactic acid is evaporated on a water- 
bath, a syrupy, inodorous, strongly acid liquid remains behind. 
This is, however, not the pure acid, but always contains water ; 
and on continued evaporation lactic anhydride is formed. This 

^ Buchanan, Ber, Deutsch, Chem, Ges, iii. 182. 

^ Heintz, Jahresh, 1849, 525. 

* Maly, Ann, Chm,, Bharm, clxxiii. 244 ; Rabuteau, Compt, Bend. Ixxx. 61. 

^ Bensch, Ann. Chem, clxi. 175. 

^ Lautemann, ih. cxiii. 142. 

^ Boutroux, Compt, Bend, Ixxxvi. 605. 

• ^ Hoppe-Seyler, Ber. DetUsch. Chem. Qes. iv. 346. 
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formation of lactic anhydride also occurs when the soliftion is 
allowed to evaporate at the ordinary temperature in air which 
is kept dry, and when all the water is evaporated a for- 
mation of lactide takes place.^ The following table gives tfie 
composition of some of the preparations thus obtained. 

No. 1. A thin syrup purified, as above, with ether, and the 
residue evaporated in aqueous solution. 

No. 2. A syrup obtained after tlie same acid has dried for 
four months over sulphuric acid. 

No. 3. The same after thirteen months ; a thick syrup insoluble 
in water. 

No. 4. The same after sixteen months ; a treacly syrup. 

No. 5. After eighteen months ; a thick gummy mass. 


Water, HgO . . 

1. 

15-64 

2. 

4*07 

3. 

4. 

5. 

Lactic Acid, CgHgOg 

58-80 

22*43 

— 

— 

— 

Lactic Anhydride, \ 

25-56 

73*50 

9785 

71*41 

60-77 

CeHioOg . . . J 

Lactide, OgHgO^ . 

— 

— 

2-06 

28*69 

39-50 


10000 

100-00 

99-91 

100-10 

100-27 


Pure anhydrous lactic acid has, therefore, not yet been 
obtained. . -r 

When a galvanic current is passed through a concentrated 
solution of potassium lactate, the lactic acid decompiileiB into; 
carbon dioxide and aldehyde.^ When the acid with 

dilute sulphuric acid to 130® it is decomposed inl^iriild^yd^ and 
formic acid.^ Aqueous chromic acid solution a similar 

way, but the products which are formed undergo partial oxida- 
tion into acetic acid, carbon dioxide, and water.* Nitric acid 
oxidizes it to water, carbon dioxide, and oxalic acid.® Lactic 
acid is used in medicine. 


The Lactates. 

549 The lactates of the alkali metals are almost all uncrystal- 
lizable and very deliquescent. They are soluble in aloohol, and 
are precipitated from an alcoholic solution by ether. They form 

' Wislicenufl, Ann. Cheni. Pharm. clxiv. 181. , ® Kolbe, ih. cxiii. 244. 

* Ihrlenmeyer, ZeUsch. Chem. 1868, 343. 

^ Dossios, JcLh/mh. 1866, 384 ; Chapman and Smith, Jonm. Ckcm. Soc, [2], v. 
173. ' . 

* Gay-Lussac and Pelouze, Ann. Chem. Phann. vii. 40 ; Debus, ih. exxvi. 133. 
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double^alts with the lactates of various other metals, some of 
which crystallize well. 

Sodium Lactate, CgH^OgNa. If the nearly anhydrous salt 
b8 allowed to remain for some months in a vacuum it is con- 
verted into a solid mass consisting of long, extremely fine, hair- 
like crystals. When heated to 130° — 150° it melts, and dissolves 
sodium with evolution of hydrogen when the so-called ha^nG 
sodium lactate, CH3.CH(0Na).C02Na, is formed. The mass then 
becomes syrupy, so that the conversion of the normal salt into 
the basic one is not perfect. Water decomposes this latter com- 
pound, in a similar way to sodium ethylate, into the normal salt 
and caustic soda (Wislicenus). 

Calcium Lactate, -}- SHgO, forms white opaque, 

warty, or granular masses, consisting of microscopic rhombic 
needles. They dissolve in 9*5 parts of cold water, and are much 
more readily soluble in hot water. If the solution be allowed to 
evaporate, the salt separates out in light cauliflower-like masses, 
which cover the sides of the vessel. On heating, it readily loses 
its water of crystallization, and at 250° — 275°, parts with one 
molecule of water, calcium dilactate, (CH 3 CH) 20 (C 02 ) 2 Ca, being 
produced. This forms a tumified mass. Absolute alcohol dis- 
solves out of this some unaltered calcium lactate, the now com- 
.ppund remaining behind as a difficultly soluble residue. The 
corresponding free acid is not known. The noi*mal salt combines 
,Mrith acid to form the so-called acid calcium Icxtate, 

crystaWjlllj^^ masses resembling wavellite. 

+ SHgO, is the most characteristic 
; salt of It separates from hot saturated solutions in. 

f crusts consisting of monoclinic prisms, which dissolve in about 
60 parts of cold, and in 6 parts of boiling water ; it is almost 
insoluble in absolute alcohol. It is used in medicine. 

Ferrous Lactate, (CgHg 03 ) 2 Fe + SHgO, ciystallizes in light 
yellow needles, which dissolve in 48 parts of water at 10°, and in 
12 parts of boiling water. It is employed in medicine as a mild 
preparation of iron, and is prepared either by dissolving iron filings 
in hot lactic acid, or by decomposition of calcium lactate with 
ferrous sulphate. It is also produced when milk sugar is allowed 
to ferment in presence of iron filings.^ 

^ In addition to these lactates, many others are known. 
These have been chiefly investigated by Engelhardt and Madrell,* 

.. ^ Wohler, Ann, Chein. Pharm, xlviii. 149. 

* Ib, Ixiii. 88. 
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and by Briining.^ Of these, stanmus lactate, (C 3 H^ 03 ) 2 Sn 2 , 
may be mentioned. It is obtained as a crystalline precipitate 
by adding sodium lactate to stannous chloride. The existence 
of this singular compound was formerly regarded as proof thh,t 
lactic acid is a dibasic acid. Its constitution is probably repre- 
sented by the following graphical fonnula : 


CH3.CH.O 


O.CH.CH, 


I ^nZISn/ I 

co.o/ \o.co 


THE ETHEREAL SALTS OP LACTIC ACID. 

550 Ethyl Lactate, was first prepared by 

Strecker by distilling a mixture of calcium lactate with calcium 
ethyl sulphate.^ It is best prepared by passing the vapour of 
absolute alcohol into lactic acid heated to 170° — 180°.3 It is a 
peculiarly smelling liquid, boiling at 154°‘5, and having at 0° a 
specific gravity of 1*0546.^ It is miscible with water, but then 
decomposes quickly into ethyl alcohol and lactic acid. 

Methyl Lactate, C 3 H 503 (CH.j), boils at 144°*8, and has at 0° 
a specific gravity of 1'0898 (Schreiner). 

Ethyl Lactic Acid, CH 30 H( 0 C 2 H 5 )C 0 jjH. In order to prepare 
this compound, which is also known as Ethoocyproiiionic Acid, 
the ethyl ether is employed, and this is obtained by acting with 
sodium ethylate on the ethyl ether of a-chlorpropionic acid.® 
By boiling this with caustic potash the potassium salt is obtained, 
and in order to remove the free caustic potash it is neutralized 
with dilute sulphuric acid and evaporated down. Potassium ethyl 
lactate is extracted from the residue by alcohol, the solution 
evaporated, and the salt distilled with dilute sulphuric acid. 

Sodium ethyl lactate is also formed, together with methylene 
iodide and other products, when iodoform is heated with sodium 
ethylate in alcoholic solution. The acid thus obtained was 
described by Butlerow as valerolactic acid? The explanation 
of its formation in this complicated reaction is still wanting. 

It is a thick liquid having a strongly acid reaction, and is 

' Ann, Chem, Phami civ. 192. * lb. xci. 365. 

* Wislicenus, ib, exxv. 68. 

* Schreiner, Ann. Chem. Phamu cxcvii, 12. 

® Wurtz, Ann. Chim, Phya, [3], lix. 171. 

® Ann, Chem, Phami, cxiv. 204 ; cxviii. 325. 



ETHEREAL SALTS OF LACTIC ACID. 


139 


easily tolublo in water, alcohol, and ether, and boils with slight 
decomposition at 195° — 198°. 

Its most characteristic is silver ethyl lactate, C3H^(0C2Hg)C02Ag. 
\fhich crystallizes from hot water in silky needles, and is also 
tolerably soluble in cold water. 

Ethyl Etholactate, CH3.CH(0C2H5)C02C2H5, is not only pro- 
duced in the above reaction, but is formed when ethyl lactate 
is treated with potassium and then with ethyl iodide.^ It is 
a mobile, pleasantly smelling liquid, boiling at 155°, and having 
at 0° a specific gravity of 0*9498 (Schreiner). 

Nitroxylactic Add, CH3CH(N03)C02H. This nitrate, which is 
usually called nitrolactic add, is obtained by dissolving lactic 
acid in a mixture of concentrated nitric and sulphuric acids and 
subsequent precij)itation with water, when it is thrown down as 
a thick oil, easily soluble in ether, which decomposes with 
formation of oxalic acid, hydrocyanic acid, and water.® 

CH3.CH(N03)C0.0H = CO(OH).CO.OH -f CHN + H^O. 

Its ethyl ether is formed in a similar way to the acid. It is a 
mobile liquid possessing a sweet and pungent taste, and smelling 
like ethyl nitrate. It boils at 178°, and at 13° has a specific 
gravity of 1*1534. 

Acetolactic Add, CH3.CH(0C2H30)C02H. The ethyl ether 
of this acid is formed by the action of acetyl chloride on ethyl 
acetate, and is a pleasantly smelling liquid, boiling at 177°, and 
having a specific gravity of 1*0458 at 17°. When heated with 
twice its volume of water for 2 to 3 hours to 150° the free acid 
is formed. This is a thick acid syrup, and is easily decomposed 
by alkalis into an acetate and a lactate 

Lactyl Ethyl Lactate, CH3CH(0C3H502)C02(C2Hg), is formed 
when ethyl chlorpropionate is heated to 100° with a solution' of 
potassium lactate. It is an oily liquid, boiling at 235°, and 
having at 0° a specific gravity of 1*134.^ 

551 Zac^oZtrc^ic^c^(^,CH3.CH(OH)C02.CH(CH3)C02H. This 
compound, which is usually called lactic anhydride, was first 
obtained by Pelouze by heating lactic acid to 130° — 140°,® It 
is also formed, as has been stated, when a solution of lactic acid 
is allowed to evaporate at the ordinary temperature (p, 136), or 

^ Friedel and Wnrtz, Ann, Chim. Phys, [3], Ixiii, 117. 

® Henry, Ber. DetUsch, Chem. Oes. iii. 632 ; xii. 1837. 

* Wislicenus, Ann, Chem, Pharm, exxv. 60. 

* Wurtz and Friedel, Compt, Rend, lii. 1067. 

* Ann, Chem, Pharm. Ixiii. 112. 
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when potassium lactate is heated to 100’ — 120* with #hrom' 

CH. 

I 

= CH.O.CO + KBr. 
io.OH (JH.OH 

Ah3. 

It is a liglit yellow amorphous mass, easily soluble in alcohol 
and ether, but scarcely soluble in water. It is a monobasic acid, 
forming salts which are easily converted by assumption of water 
into a lactate and lactic acid. Alkalis at once convert the 
anhydride into a lactate. When its ethereal solution is treated 
with ammonia, ammonium lactate separates out and lactamide 
remains in solution.^ 

o.co^ 

LcLciidey CHo.CH^^ )>CH.CH«, is formed when the fore- 
^CO.O^ 

going compound is distilled, or when dry air is passed over 
lactic acid heated to 150°.® It is scarcely soluble in water, 
and crystallizes in monocliuic tables, which melt at 124° *5. At 
255° it boils, and yields a vapour having a specific gravity of 
4 ‘81.^ When left in contact with water for some time it is con- 
verted into lactic acid, and this conversion takes place quickly in 
presence of alkalis. 

552 a-Ghlorpropionic Acid, CH 3 .CHCl.CO 2 H, is formed by 
the action of chlorine on propionic acid or its anhydride. It is, 
however, best obtained from lactic acid ; by the action of phos- 
phorus pentachloride on the calcium salt, Wurtz obtained 
a-chlorpropionyl chloridey CH 3 .CHCl.OOCl, which he termed 
Idctyl chloride? This can be best obtained by heating well-dried 
lactic acid with phosphorus pentachloride in the quantity given 
in the following equation : 

03^303 + 2PCI3 = CgH.OClg + 2POCI3 + 2HC1. 

the product being heated until no more hydrochloric acid is 
evolved.® 

' Briiggen, Zeiiach, Clum. 1869, 338. 

^ WisTicenus, Ann, Chem. Pharm, cxxxiii. 257. 

* Wislicenus, ib, clxvii. 318. 

* Heniy, Ber, Beutsch Chem, Chs. vii. 763. 

* Wurte, Ctmptes BmAuSy xlvi. 1228 ; Ann, Chem, Phai'm, evii. 192, 

* Briihli Ber, Jkvjlsch, Chem, Qes, ix. 35. 


propionic acid : ^ 

CH3 KO.CO 

I I 

CHBr + CH.OH 

Ao.OH CHg 
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It pungent, fuming liquid, which has not yet been obtained 
in the pure state. It boils above 140® with partial decomposi- 
tion, and this takes place also when the substance is allowed to 
stand. Water causes rapid decomposition with formation of 
chlorpropionic acid, a pungent-smelling, caustic liquid, boiling 
at 186°, and having a specific gravity at 0° of 1’28. It is 
miscible with water, and forms a silver salt crystallizing in 
quadratic prisms, much more soluble than silver proprionate. 
When the acid is treated with zinc and hydrochloric acid it is 
reduced to propionic acid. 

a-Mhyl Chlooyropionate, CHyCHCl.COgCCgHg), is easily 
obtained by the action of the chloride on absolute alcohol. It 
is an aromatic smelling liquid, boiling at 146°, and having at 0° 
a specific gravity of 1*079. 

a-Brompropionic AM, CH^CHBr.COgH, is formed by heating 
equal molecules of bromine and propionic acid to 130°,^ and 
also by heating lactic acid with concentrated hydrobromic acid 
to 100°.^ It is a liquid boiling at 205°*5, and solidifying at — 17° 
to a striated mass. When boiled with twenty-five times its 
weight of water for thirty hours it is converted into lactic acid.® 
a-Ethyl Brompropionate, C3H4BrC02(C2H5), is formed by the 
action of phosphorus pentabromide on ethyl lactate, and is a 
liquid boiling with partial decomposition at 159° — 160°. 

a-Iodpropionic AM, CHg.CHI.COgH, was obtained by Wichel- 
haus by acting with phosphorus diiodide on syrupy lactic acid. 
It is an oily liquid, slightly soluble in water, which has not been 
more closely investigated.^ 


SULPHUR COMPOUNDS OP LACTYL. 

553 Thiolactic AM, CH3,CH(SH).C02H. The potassium salt 
of thiolactic acid is obtained by boiling one part of ethyl chlor- 
pix)pionate with two parts of potassium hydrosulphide for two 
days.® The solution is neutralized with hydrochloric acid and 
precipitated with lead acetate with addition of ammonia. The 
washed lead salt is then decomposed by sulphuretted hydrogen, 
and the acid extracted from the filtrate by ether and converted 

^ Friedol and Machuca, Ann, Chem, Pharm, cxx. 286. 

^ Kekul^, ib, cxxx. 16. * Fittig and Thomson, ih, cc. 79. 

^ Ih, cxliv. 362. * Schacht, ih, cxxix. 1. , 
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a second time into the lead salt for further purificationf The 
acid crystallizes from water in hard distinct needles which melt 
at 142V 

Thi(hdUactie Acid, S(CH) 2 (C 113 ) 2 ( 00211 ) 2 , is formed together 
with the preceding compound as an oily liquid soluble in 
water. 


AMIDO-COMPOUNDS OP LACTYL. 

554 a-Amidopropionic Acid, CH 3 CH(N’H 2 ).C 02 H, was first 
prepared by Strecker by heating a mixture of aldehyde-ammonia, 
formic acid, and hydrocyanic acid together, and termed by him 
Alanin? In this case the corresponding nitril, a body to be 
hereafter described, is first formed. Alanin is also formed when 
a-ethyl chlorpropionato is heated with ammonia,® or when brom- 
propionic acid is treated in the same way with alcoholic ammonia.^ 
It crystallizes in needles or monoclinic prisms which possess a 
sweet taste, and dissolve in 4*6 parts of water at 17**. They aro 
very difficultly soluble in strong alcohol. Alanin, when carefully 
heated, may be sublimed, but if quickly heated it decomposes 
chiefly into carbon dioxide and ethylamine. As it has a per- 
fectly neutral reaction, it must be regarded like glycocoll as a 
saline compound. In its chemical relations it resembles amido- 
acetic acid, and its metallic salts, as well as its compounds with 
'•^ids, resemble those of glycocoll. 

.Lactamide, CH 3 .CH(OH).CO.NH 2 , is formed by the action of 
ammonia on ethyl lactate,® lactide,® or lactic anhydride.^ It 
forms radiated crystals, which are soluble in water and alcohol, 
but difficultly soluble in ether. These melt at 74°, and, when 
more strongly heated, volatilize without decomposition. 

Ldctimide, CgHgON, is formed when alanin is heated to 180° — 
200 ° in a stream of hydrochloric acid : 

CH3 CH3 

in-NH. = (!h + H.O. 

I * I >NH 
CO.OH CO^ 

' B6ttinger, Ann, Chem. Plmrm, exevi. 103 2 Ib. Ixxv. 29. 

’ Eolbe, ib, cxiii. '220. ^ Eekul^, ih, exxx. 18. 

^ Briining, ib, civ. 197. 

* Wurtz and Friede], Ann, Chim, Phya, [3], Jxiii. 108, 

' Wislicenns, Ann, Chem, Pharm, cxxxiii. 259. 
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It isoBoluble .in >vater, crystallizes in needles or tablets which 
melt at 275^ and sublimes when strongly heated. It acts as an 
indifferent body towards both acids and bases.^ 

•Many other compounds belonging to this group are known, 
which closely resemble the corresponding compounds in the 
glycolyl series. 


CARBAMIDE AND GUANIDINE COMPOUNDS 
OF LACTYL. 

NH.CH.CH3 

SSS Lactyl Urea, I , is formed when a mixture 

\nh.co 

of equal molecules of aldehyde-ammonia, potassium cyanide, and 
potassium cyaiiatc are evaporated with hydrochloric acid. From 
the product of tliis reaction the above compound can be separated 
by a mixture of alcohol and ether. It forms warty concretions 
or transparent crystals, which contain one molecule of water, 
which they readily lose. The anhydrous compound melts 
at 145°.^ 

NH— CH.CH3 

Lacturamic Acid, CO<( I , is formed when the 

^NHg GO.OH 

preceding compound is warmed with baryta water, as well as. 
when potassium cyanate is allowed to act on an aqueous solution 
of alanine sulphate. 

Lacturamic acid crystallizes from dilute alcohol in indistinct 
forms. It is difficultly soluble in water, melts at ISS*" with 
decomposition, and forms salts, some of which are amorphous/ 
whilst others crystallize well.* 

Alacreatine or Guanidopropionic Add, C 4 H 3 N 3 O 2 . This 
compound, isomeric with creatine, is formed when a concen- 
trated solution of alanin and cyanamide is treated with some 
ammonia and the whole mixture allowed to stand. It is more 
easily soluble in water than creatine, and crystallizes in colour- 
less prisms. The isomerism of the two compounds is explained 
by the following formulse : 

' Preu, Ann» Chem, Pharm, czxxiv. 372. 

* Urech, Ber, DeiUsch, Chtm, Ges, vi. 1118. 

’ Urech, Ann, Chem, Pharm, cIxt. 99. 
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Crcatiiie. 0 

CHj.N(CH,)0 1^— H 
CO — O— ilH.. 

Alamxatinine or Lactyl- Ouanidiiie, C 4 HyN 30 + HgO, is 
formed when the foregoing compound is heated to 170® — 180®. 
It crystallizes from tvater in long needles which easily lose their 
water of crystallization. From alcohol it crystallizes in smnll 
anhydrous rhombohedrons. Like creatinine it is a strong bare 
and forms corresponding compounds.^ 


Alacreatine. 

CHyCH— NH.C zz Nil 

Ao— o— iIh.. 


LACTYL NITRILS. 

556 Lactyl Nitril or a-Oxypropionitril, CH 3 .CH(OH).CN, is 
formed when equal volumes of aldehyde and anhydrous hydro- 
cyanic acid are allowed to stand for some days at 20® — 30°. It is 
a liquid having a sharp bitter taste, and in smell resembling its 
amstituents, into which it is partially decomposed on heating. 
The chief portion, however, distils over at 182° — 184°. Caustic 
potash decomposes it with formation of potassium cyanide and 
aldehyde-resin and hydrochloric acid acts violently upon it with 
formation of lactic acid.^^ 

Amidopropimiitril, CH 3 .CH(NH 2 )CN, is obtained when an 
aqueous solution of equal molecules of hydrocyanic acid and 
aldehyde ammonia is acidified with sulphuric acid and the 
mixture allowed to stand : 

CH3 

I 

CH.NH» + HCN 

It is an oily liquid, possessing basic properties, but it is 
extremely unstable, yielding the following compound on standing, 
with liberation of ammonia. 

a-ImidopropianitrU, NH[CH(CH 3 )CN] 2 , forms white needles, 
and separates out, on the slow evaporation of its ethereal solution, 
in monoclinic crystals which melt at 68°. It is a weak base, and 

^ Baumann, Ann, Chem, Phamt, clxvii. 77. 

* Simpson and Gautier, Bidl, Soc. Chim, [2], Viii. 277. 


CH 3 

Ah.NHj + HgO. 

An 
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when boiled with dilute hydrochloric acid or baryta water, yields 
Imidopropionic acid, or Dilactamidic acid, NH[CH(CHg)C02H]2, 
which forms a deliquescent amorphous mass. This acid is 
monobasic, and probably has the following constitution : 

CHs CH. 

I I 

CH.NH2— CH 
Lo.O Jo.OH. 

Nitrous acid converts imidopropionitril into nitroso-a-imido- 
propionitHl, N(NO)[CH(CH 3 )CN] 2 , a yellow oil, heavier than 
water, which decomposes on heating, with formation of brown 
vapours, a smell of aldehyde and hydrocyanic acid being at the 
same time observed.^ - • 

Ilydrocyanaldinc, N[C(CH 3 )CN] 3 . This body was first ob- 
tained by Strecker by allowing a mixture of aldehyde-ammonia, 
hydrocyanic acid and hydrochloric acid, to stand.® It is doubt- 
less a product of decomposition of amidopropionitril, which, 
under these circumstances, is first formed. If the above mixture 
be allowed to stand for four to five weeks, crystals are deposited 
which may be separated from the amido- and imido-propionitrils, 
which are formed at the same time. It is difficultly soluble in 
water and somewhat more readily soluble in alcohol and ether. 
In presence of imidopropionitril it dissolves in the latter more 
readily, and separates on slow evaporation in large monoclinic 
prisms which melt at 115°, and can be sublimed by careful 
heating without decomposition (Erlenmeyer and Passavant). 

If the above mixture be allowed to stand for a few months, or 
if it be heated on the water-bath, parahydrocyanaldinc is formed. 
This substance is difficultly soluble in water and alcohol, and is 
insoluble in ether. It separates from a solution in acetone in 
rhombic crystals, which melt at 230° — 232°. It has the same 
composition as hydrocyanaldine, with which it is no doubt poly- 
meric, the cyanogen being converted into dicyanogen and 
tricyanogen (Erlenmeyer and Passavant). 

^ Erlenmeyer and Passavant, Ann, Clwin, Phartn, cc. 120. 

» Ih, xci. 349. 
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SUBSTITUTION PRODUCTS OP LACTIC ACID. 

f 

557 These bodies have not been obtained directly from lactic 
acid, but may be prepared by other reactions. 

Monochlorlactic Acid, CH201.CH(0H).C02H. The nitril of 
this body is obtained by the union of monochloraldehydc with 
hydrocyanic acid, and is easily decomposed by hydrochloric acid. 
Chlorlactic acid is very easily soluble in water, alcohol, and ether, 
and crystallizes in fine flat oblique prisms which melt at 7l“. 
It forms crystallizable salts. 

Ethyl Chlorlactate, 0^11^0103(02115), is a colourless crystalline 
saponaceous mass. It molts at 37®, and boils at 205°.^ 

Dichlorlactic Acid, 0HCl2.0H(OH).CO2H, is obtained by the 
union of dichloraldchydc with hydrocyanic acid and decomposi- 
tion of the resulting nitril. It forms deliquescent prisms which 
melt at 76®-5— 77V 

Trichlorlactic Acid, C013.0H(OH).002H. The nitril of this 
body is formed by the union of hydrocyanic acid with chloral. 
It is easily soluble in water and crystallizes in tablets which 
melt at Gl®, and boil at 215® — 220°, with partial decomposition. 
When heated with concentrated hydrochloric acid, trichlorlactic 
acid is formed, and this may be separated by ether from the sal- 
ammoniac formed at the same time. On evaporating the solu- 
tion, the acid remains behind as a syrup, which solidifies in a 
vacuum to a crystalline mass consisting of thin prisms which 
melt at 105® — 110®. Weak bases easily decompose it into 
chloral and formic acid, whilst alkalis naturally yield chloroform. 
Hence, in preparing its salts, all heating must be avoided.® 

Ethyl Trichlorlactatc, CCl3.CH(0H).C02(02H5), is formed 
when hydrochloric acid is passed into an alcoholic solution of 
trichlorlactic acid. It crystallizes in tablets melting at 66® — 67®, 
boils at 233® — 237°, and is insoluble in water. On the other 
hand, it is easily soluble in cold dilute aqueous alkalis, and is 
precipitated from these solutions on the addition of acids, or 
even by carbon dioxide. Hence it behaves as a weak acid in 
accordance with its constitution.^ The alkaline salts decompose 

^ Frank, Ann. Chmi. Plmrm. cevi. 338. 

- Griniaux and Adam, Ber, Deutsch. Ctwrn. Ges, x. 903 ; xiii. 1864. 

* Pinner and BischofT, Ann. Gh&m. Pharm. clxxix. '79. 

4 Olaisen and Antweiler, Bcr. DeuUch. Cham. Oes. xiii. 1940. 
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gradually in the cold, and quickly on heating with formation of 
chloroform, &c. 

558 Chloralide, CgHgClgOg. This peculiar compound was first 
prepared by Stadeler by heating chloral hydrate with concen- 
trated sulphuric acid, and he likewise correctly determined its 
composition.^ It, however, remained unexplained how a molecule 
of a body containing two atoms of carbon can be converted, by 
such an apparently simple reaction, into another molecule contain- 
ing five atoms, and hence the formula which Stadeler gave was 
doubted. Kekule,^ however, showed that no mistake had been 
made, and Wallach® solved the enigma by showing that on heat- 
ing chloralide with absolute alcohol to 140*' — 150®, chloral 
alcoholate and ethyl trichlorlactate are formed. According 
to this, chloralide must be looked upon as the trichlorlactic 
ether of trichlorcthidene, and Wallach succeeded in preparing 
this compound by heating chloral with trichlorlactic acid 
to 150®: 


/OH 

COlaCHr 4 
^COJl 


COH.OCI3 = CClaOH^^ 


O 

CO 


\ 

/ 


CH.CCI3 + H2O. 


Its formation from chloral doubtless takes place in several 
phases, as it is very probable that the lactide of trichlorlactic 
acid is formed by separation of chloroform, and this again com- 
bines with chloral. In order to prepare chloralide, chloral 
hydrate is mixed with three times its volume of a mixture 
of sulphuric acid and disulphuric acid, having a specific 
gravity of 1-84 to 1’85, and the whole heated until the chloral 
begins to distil off. The source of heat is then removed 
and the flask well shaken until the reaction ceases. The 
operation is repeated until oily drops begin to condense in the 
neck of the flask, and then it is allowed to cool and frequenfly 
shaken. The chloralide which separates out is washed with 
warm water and crystallized from ether. It forms large pliable 
monoclinic prisms, melting at 114® — 115®, and boiling at 270® — 
273®. Its vapour has a peculiar smell and a specific gravity of 
11’3.^ Other oxyacids form, like trichlorlactic acid, compounds 
analogous to chloralide, termed by Wallach chloralides, of which 
the following may be mentioned ; 


® Ih, cv. 293. 

^ Bar, Deutsch, CJmi, Oes. viii. 1433. 

L* 2 


' Ann, Chem, Phann, Ixi. 101. 
* Ih. cxciii. 1. 
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OH3O. 

Glycollic chloralide, | yCH.Clg . . 41 — 42® 

co.o^ 

T^tic chloralide, CH^GR( ^CH.OClg 45® 


Bromal also foraas a a series of hromalides (W allach). 

In addition to the chlorlactic acids, the following substitution 
products are known : 

M. P. 


^ Monobromlactic acid, C^HgErOg 
* Dibromlactic acid, CgH^BrgOg . 
^Tribromlactic acid, CgHgEr^Og . 
^ Moniodlactic acid, CgHglOg . . 


89—90® 

98® 

141_143o 

84—85® 


PARALACTYL COMPOUNDS. 

559 Pa7'alacticAcid,C}iyCB.{0Tl).G02Ti. It has already been 
stated that Liebig was the first to show that the acid contained 
in the juice of flesh is not identical with common lactic acid, 
and hence it Avas termed sarcolactic acid. The same acid occurs 
in the bile,® as well as in the urine in cases of phosphorus 
poisoning.® Engelhardt ^ and Ileintz ® investigated this subject 
more accurately, and the latter, who determined the composition 
of the acid with great care, gave to it the name of paralactic acid. 
For the purpose of preparing this acid, extract of meat is 
used. This is dissolved in four parts of warm water, and to the 
solution double its volume of 90 per cent, alcohol added. The 
filtrate is evaporated to a thin syrup, and again treated with 
three to four times its volume of alcohol, again filtered and the 
filtrate acidified with dilute sulphuric acid, and paralactic acid 
extracted from the solution by shaking with ether. The residual 
crude acid remaining on evaporating off the ether is neutralized 
with lead carbonate, and the filtrate treated with sulphuretted 

* Melikow, Ber, Dmtsch, Chein. Ocs, xiii, 958. 

^ Lmnemann and Pciil, ib, viii. 1101. 

* Pinner, ib, vii. 1501 ; Wallach, loc. cU, * Glinsky, ib. vi. 1257. 

^ Strecker, Ann. Chem. Fharm. czxiii. 354. 

* Sohnltzen, Zeitsek. Chem, 1867, 138. 

^ Ann. Chtm, Pharm, Ixv. 359. 


® Pogg. Ann. Ixxv. 391. 
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liydrogA. The liquid separated from lead sulphide is then 
heated to boiling, and treated with zinc carbonate, and the solu- 
tion evaporated until the zinc salt begins to crystallize out, when 
it •is precipitated by alcohol. The salt is then purified by 
repeated solution in water and precipitation with alcohol, after 
which it is decomposed by sulphuretted hydrogen.^ 

Paralactic acid can only be distinguished from ordinary 
(fermentation) lactic acid by the feet that it turns the plane 
of polarization to the right, whilst the ordinary acid is inactive.* 
In a dry atmosphere it passes into the anhydride, which is 
levro-gyratory, and when heated to 150°, it yields common 
lactide, which combines with water to form the inactive fermen- 
tation lactic acid.® Like this latter substance, paralactic acid 
decomposes on heating with dilute sulphuric acid into aldehyde 
and formic acid, whilst chromic acid oxidizes it to acetic acid 
and carbon dioxide. Both acids have therefore the same 
constitution, and hence they are physical isomerides. 

The salts of paralactic acid are levro-rotatory, and more easily 
soluble in water than those of the fermentation-lactic acid. 

Calcium Paralactate, 2(C3Hg03)3Ca -f OHgO, resembles common 
calcium lactate, dissolves in 12*4 parts of cold water, and in all 
proportions in boiling water. 

Zinc Paralactate, (C3H503)2Zn + 2H2O, crystallizes in needles 
which melt at 14° — 15° in 17*5 parts of water, and are only very 
slightly soluble in spirit of wine. 

Mh/yl Paralactate, 0311503(02113), corresponds closely to ethyl 
lactate, but is strongly levro-rotatory.'* 

Amidoparalactamide, 0H3.0H(NH2)C0NH.2, occurs in small 
quantity in urine. It crystallizes from hot water in small 
prisms. It forms deliquescent salts with acids, and when heated 
with baryta water to 150° it decomposes into carbon dioxide, 
ammonia, and ethylamine. Nitrous acid converts it into 
paralactic acid.® 


^ Wislicenus, Ann, Ghent, Diami. clxvii. 302. 

® Wialicouus, Ber, J)cvAsch,Ch&m., Ges. ii. 550 and 619. 

* Strecker, Ann, Gkem, Pharm>, cv. 313 ; Wislicenus, ib. clxvi. 316. 
^ Klimenko, Joum. Rusa, Ghent, Ges, xii. 17. 

® Bauinstark, Ann, Ghem, Fftarin, clxxiii. 342. 
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HYDRACRYL COMPOUNDS. 


560 Jlydram^lic Acid, or fi~Oxypropionic Acid, CH 2 (OH). 
CIT 2 .CO 2 H. According to theory two oxypropionic acids should 
exist : 


a-Oxypropionic Acid. 

CH, 

I 

CH.OH 

! 

COjH. 


/3-Oxypropioiiic Acid. 

CH..OH 

U 


COgH. 


Four different compounds are, however, known. Of tliese 
the two which have already been described are physical isome- 
rides. They exhibit different optical properties, but chemically 
they are identical, and they are distinguished as tlie a-com- 
poiinds. The two other acids which, from their mode of 
formation, are termed the yS-compounds, exhibit totally different 
chemical relations. 

In 1863, Wislicenus prepared one of these aeids synthetically 
by heating ethylene chlorhydrin with potassium cyanide, and 
boiling the nitril thus obtained with caustic soda. He termed 
this ethylem-laciic acid, and first thought that it was identical 
with sarcolactic acid. He afterwards found that this latter is a 
mixture of optically active lactic acid, with a small quantity 
of ethylene-lactic acid.^ 

The fourth isomeric acid was first prepared by Bcilstein by the 
action of silver oxide and water upon y 8 -iodpropionic acid. It was 
termed by him liydracrylic acid, since it decomposes on heating 
into water and acrylic acid.* Its true formula was ascertained 
by Moldenhaucr,^ and it was investigated more accurately by 
Heintz^ as well as by Wislicenus.^ According to this latter 
chemist, it is distinguished from ethylene-lactic acid not only by 
the different properties of its salts, but also by its reaction witli 
hydriodic acid, as on heating it is easily converted back into 
yS-iodpropionic acid, whilst this is not the case with ethylene 
lactic acid.® 

Linnemann found that when acrylic acid is heated with caustic 
soda, hydracrylic acid is formed, together with an almost equal 

* Bar, Dmtsch, Cfuim, Ges. ii. 650. 

® Ann, Cheni, Pharm, exxii. 366. ® Ih, cxxxi. 328. 

* /A clvii. 291. ® Ih, clxvi. 6. ? Ih, clxvii. 316. 
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quantity of cthylene-lactic acid.^ Wislicenus observed that in 
the preparation of ‘ethylene-lactic acid from its nitril, some 
hydracrylic acid is always formed, whilst in the preparation of 
hydracrylic acid from yS-iodpropioiiic acid, a small quantity of 
ethylene-lactic acid is also produced, but, singularly enough, 
common lactic acid also occurs.® 

The latest investigations on this subject are those of Erlcnmeycr. 
He did not find any ethylene-lactic acid in sarcolactic acid. 
From its nitril, which he was the first to prepare in the pure 
state, lie only obtained hydracrylic acid, together with some 
acrylic acid, but no ethylene-lactic acid. Moreover he could not 
obtain this latter body according to the process described by 
Linnemann, and hence his belief in the existence of ethylene 
lactic acid has been somewhat shaken,® Hence it appears probable 
that this is only an impure hydracrylic acid, or a mixture of this 
body with common lactic acid. Further investigation is, how- 
ever, here needed. 

561 In order to prepare hydracrylic acid, freshly precipitated 
silver oxide is added to a hot solution of yS iod propionic acid as 
long as silver oxide is precipitated, the filtrate treated with 
sulphuretted hydrogen-water, and the filtrate evaporated with 
zinc carbonate. On slow evaporation, zinc hydracrylate separates 
out, and this is purified by recrystallization and then decomposed 
by sulphuretted hydrogen. Hydracrylic acid is also formed 
when /8-iodpropionic acid is boiled in connection with a reversed 
condenser with twenty-five times its weight of water for sixteen 
hours.^ 

Hydracrylic acid, like the other lactic acids, consists in the 
concentrated state of a thick acid syrup, and it decomposes on 
heating into water and acrylic acid. 

Sodium Hydracrylate, C3H503Na, separates out from its solu- 
tion in nearly absolute alcohol in colourless crystals, which melt 
at 143^ 

Calcium Hydracrylate, + 2H2O, is easily soluble 

in water, and crystallizes in rhombic prisms. 

Zinc Hydracrylate, (C3H503)2Zn + ^H^O, is deposited in well- 
formed triclinic crystals, which dissolve at 16°*5 in 0*89 parts of 
water. If concentrated solutions of this salt and calcium hydra- 
crylate be mixed, they deposit a characteristic double salt, 

^ Ber. DcrUsch, Chem, ffes, \iil 1095. ® 1206. 

* uinn, Chem, Bharm, cxci. 261. 

^ Fittig and Thomson, ib, cc. 81. 
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(C3H503)2Ca + (C3H503)2Zn, which crystallizes in prism^ and is 
very slightly soluble in water. 

The hydracrylates lose water on heating, ana are trans- 
formed into the salts of acrylic acid, C3H4O2, or diacrylic acM, 
C3H3O,. 

562 P-CMorpropionic Acid, CH2Cl.CH2.CO2H, is formed by 
heating acrylic acid with fuming hydrochloric acid to 130 V fts 
well as by boiling iodpropionic acid with chlorine water, ^ and 
by oxidizing trimethylene chlorhydrin.® It is crystalline, easily 
soluble in water, and melts at 78 ® to 79 ®. 

^‘Brompropimic Acid, CH2Br.CH2.CO2H, is obtained in an 
analogous way to the foregoing compound. It is deposited in 
crystals which melt at 89 to 90 ®.^ 

^-Iodpropionic Acid, CH2I.CH2.CO2H. In order to prepare 
this, 100 grams of phosphorus diiodide are gradually added to 
52 cc. of aqueous glyceric acid, having a specific gravity of 1 * 26 .'’ 
After a short time a violent reaction takes place, which is usually 
followed by another and less violent one. If this is not the case 
the reaction must be brought about by heat. The crystalline 
mass obtained on cooling is then boiled with petroleum spirit or 
sulphide of carbon.® Its formation is represented hy the 
following equation : 

CIIjj(0H).CH(0n).C02H + SHI == CHJ.CHa.COalT + 2iraO + Is. 

No free iodine is, however, formed, as this acts upon the phos- 
phorus acid which is produced in presence of water to form 
phosphoric acid and hydriodic acid. 

The acid is also formed by heating acrylic acid with hydriodic 
acid.^ 

/8-Iodpropionic acid is difficultly soluble in cold, but easily 
soluble in hot water, and readily soluble in alcohol and ether. 
It crystallizes in glistening laminm which melt at 100 ® — 101 °. 

^-Nitropropionic Acid, CH2(N02).CH2.C02H. In order to 
prepare this substance, silver nitrite is gradually added to a well- 
cooled aqueous solution of iodpropionic acid, the mixture then 
acidified with hydrochloric acid and well shaken with ether, and 
the residue obtained on evaporation crystallized from hot chloro- 
form. Nitropropionic acid forms pearly glistening scales, melting 

' Linnemanii, Ann, Chem. Pharm, clxiii. 95. 

* Richter, Zdtsch. Chem, 1868, 451. 

* Eaysser, IrurnguroMisa, Milnchen, 1875. ^ Linnemann ; Richter. 

B Beiletein, Ann, Chem, Pharm, czx. 226 ; exxii. 866. 

® Erlenmeyer, ih, cxci. 284. ? Wislicenus, ib, clxvi. 2. 
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at 66®-^67®, and easily soluble in water. The salts are very 
unstabFe.^ 

^-Ethyl Nitropropionate, CHj(N 02 ).CH 2 .C 02 fC 2 H 5 ), is ob- 
tained by the action of silver nitrite on the ethyl ether of iodpro- 
pionic acid. It is a mobile ethereal-smelling liquid, boiling at 
161"— 165® 

fi-Amidopropionic Acid, CH 2 (NH 2 ).CH 2 .C 02 H, is formed by 
the action of ammonia on iodpropionic acid.^ It is easily 
soluble in water, less soluble in alcohol, crystallizes in prisms, 
and has a sweet taste. On heating it melts and decomposes 
into acrylic acid and ammonia. 

^ - Lactonitril, CH 2 (OH).CH 2 .CN, is obtained by heating 
ethylene oxide with hydrocyanic acid under pressure. It is a 
colourless liquid having a faint sweet smell, and at 0 ® has a 
specific gravity of 1‘0588. It boils at about 220®, and is miscible 
with w'ater. 


PYRUVYL COMPOUNDS. 

563 Pyromccmic, or Pyruvic Acid, CH3.CO.CO0H. This com- 
pound, wliicli stands in the same relation to lactic acid as acetone 
does to isopropyl alcohol, is produced along with many other pro- 
ducts in the dry distillation of tartaric acid, C^H^p^, and of cream 
of tartar (acid potassium tartrate). Raymond Lully described 
the distillation of the latter compound, but the acid product was 
not examined until the 16th century, when it was described as 
spiritus tartari, Paracelsus, in his tract De Naturalihus Bebus, 
recommends it as a medicine. Various chemists then examined 
the substance, amongst others Guyton de Morveau, who dis- 
tinguishing it as a peculiar acid gave to it the name of ctcid 
iartareux empyrcuniatique, which name was afterwards changed to 
the antiphlogistic designation of oxide pyrotartarenx, Four(jroy 
and Vauquelin in 1800 stated that this acid was merely impure 
acetic acid. This conclusion was, however, contradicted by 
V. Rose in 1807, who showed that the product of distillation 
contained a peculiar acid. At the same time he remarked that a 
second distinct acid seems to be formed under the same circum- 
stances. This latter was prepared and investigated by Berzelius. 

^ Lewkowitsch, Joum, Prakt, Clwm,. [2], xx, 169. 

Heintz, Ann, Chem, Phann, clvi. 36 ; Mulder, Ber, Dcufsch. Chem, Gea, ix. 

1903. 
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As, however, this is formed not only in the distillation •of tar- 
taric acid, but also in that of its isomeride racemic acid, ho 
termed it pyruvic acid, to distinguish it from pyrotartaric acid.^ 
It is also formed by the distillation of glyceric acid.® * 

CH2(0H).CH(0H).C02H = CH3.CO.CO2H + HgO. 

Pyruvic acid has been prepared synthetically by acting with 
hydrochloric acid oil acetyl cyanide, CH3CO.CN, and by this 
reaction, its constitution, which was formerly doubtful, has been 
ascertained.® 

For its preparation a considerable quantity of tartaric acid is 
heated in a large iron pan and the mass constantly stirred until 
it begins to swell up and turn brown. It is then allowed quickly 
to cool and the solid mass broken up into small pieces which are 
subjected to dry distillation in a retort.* The pyroracemic acid 
is separated from the pyrotartaric and acetic acids also contained 
in the distillate, by fractional distillation. This process must, 
however, not be rei)eated too often, os the acid undergoes partial 
decomposition. 

Pyruvic acid is a liquid having a pungent smell resembling that 
of both acetic acid and of extract of meat. It boils at about 
165° and at 18° has a specific gravity of 1*288, On standing, it 
gradually passes into a syrup-like mass, and this change takes 
place quickly on heating. The acid is also separated in this 
form from its salts by means of acid. This form is not volatile and 
is probably a polymeric modification. Pyroracemic acid combines 
with nascent hydrogen to form lactic acid,® and with bromine in 
the cold to form dibromlactic acid.® On warming, however, it 
forms substitution-products.^ Baryta-water produces in its 
aqueous solutions a precipitate, and when carbon dioxide is 
passed through this liquid, the barium salt of the dibasic and 
hydruvie acid, CgHjQOy, is formed in solution. This is formed 
by the union of two molecules of pyroracemic acid with water. 
On boiling with baryta- water on the other hand, other acids are 
formed which will be described later on, 

* Pogg. Ann. xxxvi. 1. 

2 3Ioldcnhauer, Ann, Chem, PJiwrm, cxxxi. 338. 

s Claisen and Shad well, Ber, Bcutsch, Chem. Oes, xi. 1563. 

^ B5ttinger, Ann. Chem. Phann. clxxii. 240. 

® Wislicenus, ih. exxvi. 227 ; Debus, ib. cxxvii. 332. 

• Wiclielhaus, Bcr. Deutsch. Civ&m, Oes. i, 264 ; Wislicenus, A?tn. C7iem. Pharm. 
cxlviii. 218 ; Clermont, BnlU Soc. Chim. xix, 103 ; Bodewig, Jahresh. 1879, 609 ; 
Orimaux, Bull. Soc. Chim. xxi. 393 ; Klimenko, Joum. B%m Chem. Ges^ viii. 
125. 

^ Bottingor and Fittig, Bcr, Leutsch. Chem. Oca. v* 956, 
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The ISalts which are termed 'pyruvates or pyroraceuiates, crystal- 
lize only when they are prepared in the cold. When their 
solutions are heated they pass into gum-like masses. These have 
been chiefly investigated by Berzelius, and the following are the 
most characteristic. Sodium Pyruvate^ C^HgOjjNa, crystallizes 
in elastic prisms or tables, and is almost insoluble in alcohol. 
Calcium Pyruvate, separates out in crystals on evaporating its 
solution in the cold. If warmed even by the hand a gum-like 
mass is produced. 

Copper Pyruvate, (C3H30.j)2Cu + H^O. Copper carbonate 
dissolves in the aqueous acid forming a green Ikiuid, and when 
the solution becomes saturated, the salt separates out as a sea- 
green powder. If a crystal of copper sulphate be brought into 
a solution of the sodium salt, it becomes covered with a white 
powder, which when dried over sulphuric acid becomes light-blue 
and has the same composition as the green salt. 

Silver Pyruvate, C3H303Ag, is difficultly soluble in cold water, 
but can be crystallized however from boiling solution. If the 
solution be allowed to cool in the dark, large glistening milk- 
white scales Jire deposited which soon become brown on exposure 
to light. If ammonium pyruvate solution be precipitated with 
silver nitrate, the silver salt separates out as a thick jelly; 
300 grams of the salt dissolved in ten liters of water yield in 
this way such a stiff paste that a glass rod stands upright in it.^ 

Iron Pyrtivate, If a crystal of green vitriol be brought 
into a solution of the sodium salt the liquid becomes at once 
dark red, and if the air be excluded, the ferrous salt sepa- 
rates out after some time in dark red crystals which dissolve 
with difficulty in water, yielding a yellow solution. If iron be 
dissolved in the warm dilute acid the solution soon becomes of a 
dark red colour and at last opaque. This liquid dries . on 
evaporation to an almost black mass which is soluble in water. 

The ferric salt obtained by dissolving ferric hydroxide in the 
acid is also a red soluble mass. Alkalis do not precipitate its 
solution. 

Meth/yl Pyruvate, C3H303(CH3), is formed by the action of 
methyl iodide on the silver salt. It is a liquid, smelling like 
acetone, boiling at 134® — 137^ and having at 0®a specific gravity 
of 1*154 (Oppenheim). The ethyl ether is formed by the action 
of sulphuric acid on an alcoholic solution of the acid. It is 


' Oppenheim, Rcr. DcfUsch, Chem, Oea, v. 1051. 
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a liquid possessing a peculiar smell, partially decomjiRses on 
distillation, and is wholly decomposed by water.^ 

As a ketonic acid pyroracemic acid combines with the acid 
sulphites of the alkali-metals forming crystallizable compounds.* 
Of these the sodium compounds may be mentioned. 

C3H403+NaHS03 is formed when pyroracemic acid and acid 
sodium sulphite are brought together. The solution decomposes 
on boiling with evolution of sulphur dioxide. 

03H3ONa-HNaHSO3+H2O is formed when the normal sul- 
phite is used. On heating it intumesces to a sponge-like mass. 

a-Dwhlorpropionic Acid, CHg.CClg.COgH. The chloride of 
this acid is formed by the action of phosphorus pentachloride,® 
or trichloride,^ on pyroracemic acid. It is a pungent smelling 
liquid which boils between 105® — 115°, and is quickly decom- 
posed by water with formation of dichlorpropionic acid. This 
latter substance is best obtained from its nitril, which is formed 
by chlorinating propionitril. This boils from 103° — 107°, and is 
a liquid which when boiled with sulphuric acid diluted with an 
equal volume of water is converted into the acid. This is a liquid 
which is soluble in water and which boils at 185° — 190°, and 
forms crystals at 0°. Heated with water to 120° — 150° it is 
converted into pyroracemic acid.® 

a~Dit>rompropionic Acid, CHgCBrgCOgH, is formed by heating 
propionic acid with bromine to 190° — 220°. It crystallizes in 
quadratic tables melting at 71°, and boils with slight decompo- 
sition at 221°. Its salts are tolerably stable.® 


MALONYL COMPOUNDS. 

564 Malonic Acid, CH2(C02H)2, was first obtained by Des- 
saignesby oxidizing malic acid, C02H.CH(0H).CH2.C02H, with 
potassium dichromate.^ Baeyer then obtained it from uric acid,® 
and it was synthetically prepared simultaneously by Eolbe and 


^ Bottinger, Ber, Be/iUsch, Chem, Ota, xiv. 310, 

■ JcwTA, Brakt. Chem, [2], xvii. 241. 

* Klimenko, Ber, Beuiach, Chem, Oea. iiL 465. 

^ Beckurts and Otto, ib. xi. 886. 

* Beckurts and Otto, ib, ix. 1876 ; x. 263, 1503, 1952 ; xi. 386. 

* Friedel and Machuca, Avm, Chem, Pharm, Suppl. ii. 72 : Phillip! and Tolens. 

ib, clxxi. 315. . ' 

^ Compf^ Bendua, xlvii. 76 ; Ann, Chem, Pharm, cvii. 251. 

<mcxxx. 143. 
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H. MliMer.^ They obtained it by heating its nitril, cyanacetic 
acid (a body which will be described further on), with potash. 
This method of preparation was elaborated by various chemists.® 
According to Conrad the best mode of preparation is the follow- 
ing : — 100 grams of monochloracetic acid dissolved in 200 cc. of 
water are neutralized with pure cai'bonate of potash or soda, and 
to this 80 grams of finely powdered and pure potassium cyanide 
are added, and the whole warmed. A violent reaction soon occurs, 
some hydrocyanic acid being evolved. In order, however, to 
complete the decomposition of the salt, heat must be employed 
for two hours on a water-bath, the water evaporating being 
replaced, and then 100 grams of caustic potash added, when an 
immediate evolution of ammonia takes place. It is then 
further heated, until the smell of tliis gas ceases, the whole 
neutralized with hydrochloric acid and calcium chloride added, 
which yields a voluminous precipitate, which soon becomes 
crystalline. This is then washed with boiling water and 
decomposed with the calculated quantity of oxalic acid. The 
filtrate is then evaporated, and the residue extracted with 
ether.® 

Malonic acid is also formed by oxidizing propylene, CjH^, 
allyleno, CjH^, and amylene, CgH^Q, with potassium perman- 
ganate.^ 

It is easily soluble in water and alcohol, and crystallizes in 
triclinic tables or laminae. It melts at 132®, and decomposes at 
a higher temperature into carbon dioxide and acetic acid. Its 
salts have been carefully examined by Finkelstein. 

Potassium, Malonats, C3H2O4K2, is deliquescent. The acid 
salt, 2C3H204HK-f HgO, crystallizes in large prisms which do 
not undergo alterations in the air. Acid Sodium Malonate^ 
2C3H204NaH+H20, is deposited in large transparent crystals. 
Calcium Malonate, difficultly soluble 

in water, and crystallizes in small transparent needles. Barium 
Malonate, + HgO, forms a silky radiating crystalline 

mass, and is also difficultly soluble in water, but dissolves 
readily in acetic acid. The other malonates are most of them 
slightly soluble in water. 

* Ann, Cham, Pharw, cxxxi. 348 and 860 ; Jotim, Chem, Soc, [2], ii. 79. 

^ Finkelstein, Ann, Chem, Pharm, cxxxiii. 338 ; Heintzel, ib, cxxxix. 129 ; 
H. von. Miiller, Joum, Praki, Chem, xix. 826 ; Grimaux and Tschei-niak, Bull, 
Soe. Chim, xxxi. 838. 

* Ann, Chem, Pharm, cciv. 125. 

^ Ctm^ Bend, Ixiv. 86. 
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Ethyl Malonate, C3H20^(C2Hg)2> is best obtained by pouring 
eight parts of absolute alcohol on to three parts of the well- 
dried calcium salt, the whole being saturated with hydrochloric 
acid, and after standing for some time heated on the water-bath 
and hydrochloric acid gas again led into it. The alcohol is then 
allowed to evaporate, the residue neutralized with carbonate of 
soda and the ether separated by addition of water, dried and 
purified by fractional distillation (Conrad). 

It is a faintly aromatic-smelling liquid having a bitter taste, 
boiling at 195® and having at 18® a specific gravity of 1*068. 

Sodium Ethyl Malonate, CHNa(C02.C2H^,)2* obtained by the 
action of an alcoholic solution of sodium ethylate on the 
foregoing compound : 

CH2(C02.C2H3)2 + NaO.CJTs = CHNa(C02.C2H5)2 + HO.C 2 H,. 

It crystallizes in white glistening needles.^ 

It has already been stated that the sodium compound is used 
for the synthesis of the homologues of malonic acid, and for that 
of the higher fatty acids (Part I. page 180). 

If ethyl carbonate be allowed to act upon this body tthyl 
niethcnyl tricarbormte, CH(002.C2H5)3 is formed. This is a 
iJeasantly smelling liquid boiling at about 260®. It is decom- 
posed by caustic potash into potassium malonate, potassium 
carbonate, and alcohol.^ 

Ethyl Chlormalonate^ CHC1(C02.C2H5)2, is formed by the 
action of chlorine upon ethyl malonate. It is a liquid boiling 
at 221®— 222®.3 

565 Cyanacciic Acid, CO2H.CH2.CN, is the nitril of malonic 
acid and, as has been stated, was obtained simultaneously by Kolbe 
and Hugo Muller, and then examined by many other chemists.^ 
In order to prepare it, the operation is conducted in the first place 
as in the preparation of malonic acid, by acting upon the potassium 
salt of chloracetic acid with potassium cyaniile. The solution is 
then evaporated, the residue acidified with sulphuric acid and 
shaken with ether. It forms yellow crystals, easily soluble in 
water and alcohol, melting at 55® and decomposing into carbon 
dioxide and acetonitril when more strongly heated. If the 
potassium salt of the acid be electrolyzed it decomposes into 

^ Conrad, Ann, Cliem, Vimrm, ccir. 129. 

* Conrad, Ber, Deutsch, Chem, Qes, xii. 1236. 

® Conrad and Biscliolf, ib. xiii. 600. 

^ Meeves, Ann, Ghm, Pharm, cxliii. 201 ; van*t Hoff, Bcr, Dmtach, Ch&m, 
Ge8, yii. 1382. 
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h 7 c]rog€i|l> carbon dioxide, and ethylene dicyanide (succinonitril), 

Ethyl Gyanacetate, C02(C2H5)CH2.CN, is obtained by warming 
potassium cyanide with an alcoholic solution of ethyl chloracetate 
or by passing hydrochloric acid into an alcoholic solution of 
cyanacetic acid. It is a heavy, almost odourless liquid boiling 
at 207°. 

Cyctnacdiiyl Bromide, CN.CH 2 .COBr. This compound is 
obtained by acting with silver cyanide on a solution of broma- 
cetyl bromide in chloroform, the isoineride, hromacetyl cyanide, 
CH 2 Br.CO.CN, being at the same time produced. Tliis can be 
separated Aom the former, compound, by shaking with ether, in 
which it dissolves. 

Bromacetyl cyanide crystallizes in monoclinic tables, melting 
at 77° — 79° and is decomposed by water into hydrocyanic acid 
and bromacetic acid. Cyanacetyl bromide, on the other hand, 
crystallizes in long needles, and is decomposed by water and 
more quickly by alkalis with formation of malonic acid : ^ 

CN.CH 2 .COBr + 3 H 2 O = CO 2 H.CH 2 .CO 2 H + NII^Br. 

Bilrom-malonic Acid, CBr2(C02H)2. If bromine is added to 
an aqueous solution of malonic acid, decomposition takes place, 
and when it is used in excess, tribromacetic acid and carbon 
dioxide are formed. If, however, a solution in chloroform be 
employed, dibrorn malonic acid is formed, crystallizing in deli- 
quescent needles, and melting at 126° — 128°. 

Nitrommalonic Acid, C 3 H 3 (N 0 ) 04 , was first obtained by 
Baeyer by decomposition of the corresponding urea, violuric 
acid (for wliich see \mc acid), with potash. It forms glistening 
needles easily soluble in water, which melt on heating, and 
then explode with a loud noise. When boihjil with water, it 
decomposes as follows : 

CH(N0)(C0,H)2 = CHN + H 2 O + 2 CO 2 . 

Amidomalonic Acid, C 3 H 3 (NH 2 ) 04 ; is formed when the fore- 
going compound is brought into contact with sodium amalgam 
and water. It is easily soluble in water and crystallizes in large 
glistening prisms. When it is heated, or its aqueous solution 
boiled, it decomposes completely into carbon dioxide and 
amido-acetic acid. 


* Moore, Ber. BevUth. Chem, Ocs. iv. 519. 

* Hiibner, Ann. Clum. Piuirm. cxxix. 124. 
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Oxymalonic Acid, C3H^(0H)04, was prepared by DjQSsaignes 
by the spontaneous decomposition of the so called nitro-tartaric 
aoid, and known as tartronic acid.^ It is also formed by the 
reduction of mesoxalic acid^ and by acting with potash ,pn 
ethyl clilormalonate : ® 

CHC1(C0,.C2H3)2 + 3KOH = CHCOHXCOaK)^ 4 KCl 4 
2C2H3OH. 

It can be obtained synthetically by bringing together glyoxalic 
acid and potassium cyanide and boiling the product with baryta 
water.^ It is easily soluble in water, crystallizes in large trans- 
parent prisms, and is decomposed at 182 *^ into carbon dioxide 
and glycolide : 

2C3H,0, = C4HA -f 2CO2 4 2H2O. 

566 Mesoxalic Acid, C0(C02H)2, was first obtained by Liebig 
and Wohler as a product of decomposition of mesoxalyl urea 
(alloxan), a body obtained by oxidizing uric acid with nitric acid.® 
It is also formed by the action of iodine on amidomalonic acid.® - 

CH(NH2)(C02H)2 4 - 12 + H 2 O = 00(00211)2 4 NHJ + HI. 

It is also formed by the action of silver oxide on dibrom- 
pyroracemic acid.^ 

In order to prepare it, a warm aqueous solution of alloxan is 
treated with baryta water, not in excess, when barium alloxanate 
separates out ; 

.OO.NHv .OO.NH.OO.NH2 

C0( )00 h H 2 O = oo( 

^OO.NH^ ^OO.OH. 

The salt thus obtained is boiled with 200 parts of water for 
five to ten minutes, and the solution allowed to cool. Barium 
mesoxalate crystallizes out whilst urea remains in solution : ® 

.OO.NH.OO.NH 2 .OO.OH 

CO( 4 H 2 O = 00( 4 NH 2 .OO.NH 2 . 

^OO.OH ^CO.OH 

The acid is then liberated from the barium salt by sulphuric 
acid. It forms deliquescent crystals, having the formula 

^ Ann, Clmn, Pharm. Ixxxii. 362 ; Ixxxix. 399. 

® Deichsel, Joum. Prdkt, Chem. xciii. 205. 

3 Conrad and Bischoff, Ber, Dmtsch, Chem, Ges, xiii. 600. 

^ Bottinger, ih. xiv. 729. ® Ann. Chem, Pharm, xxvi 298. 

^ Baeyer, jf5. cxxxi. 298, " Ddclisel, Joum, Prakt, Chem, xciii. 193. 

• Wislicenus, ih. 
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C3H20gH“H20, which melt at 115 ®* without losing water. From 
this, as well as from the fact that, its siilts retain waiter witli 
great force, it appears very probable that the acid has a comLjx)- 
sition analogous to that of glyoxalic acid (p. 103 ), according to 
which its formula would be C( 0 H) 2 (C 02 H) 2 . If the aqueous 
solution be heated above 70 ®, decomposition takes place with 
evolution of carbon dioxide ; and when boiled with silver oxide, 
the following reaction takes place : 

CO2H.CO.CO2H + Ag.O = CO2H.CO2H + CO2 + Ag 2 . 

Ammonmm Mcsoxalate, C305(NHJ2, separates out in grains 
when ammonia is added to an aqueous solution of the acid. It 
is anhydrous and perhaps is the ammonium salt of the yet 
unknown mesoxamie acid, CO(KH2)C(OH)2C02H. 

Barium Mesoxalate, 2C303Ba+3ll20, forms microscopic prisms 
which arc scarcely soluble in cold, and only slightly soluble in 
hot water. It does not lose water till 170 ® when it partially 
decomposes. 

Lead Mesoxalalc, C305(Pb0H)2, is a white, light insoluble 
powder. The normal salt docs not appear to exist. 

Bihcr Mcsoxalatc, C303Ag2+n2^^> is a white amorphous pre- 
cipitate, which soon changes to tufts of yellowish needles, and is 
decomposed on exposure to light. 

Ethyl Mcsoxalatc, ^3115(^21^5)2 +H2O, is formed by heating the 
silver salt with an alcoholic solution of ethyl iodide. It is a 
heavy yellow oil which decomposes on heating. It is very soluble 
in water and is soon decomposed into alcohol and nicsoxalic 
acid. The presence of water in this ether is a strong argu- 
ment for the formula which has already been given for the 
acid. According to this the ether has the constitution 

C(0H)2.(C0.0C2TT3)2. 
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567 In 1815 Taylor noticed that when fats or oils are strongly 
heated, a gas of high illuminating power is obtained. This 
observation led to the development of a new branch of industry, 
for this oil-gas was pumped into strong copper vessels under a 
pressure of about 80 atinosjdicres, and these wcire carried to 
the houses of the consumers, where the gas, known as portable 
gas, was burnt as an illuminating agent. 

During the process of manufacturing this portable gas a 
liquid was obtained, which was investigated in 1825 by Fai’aday, 
who discovered in it two hydrocarbons. Tc) one of these, now 
known as benzene, he gave the name of Bicarhurct of llydrogen, 
and the other he termed a new hydrocarbon,” without giving 
it any special name. lie observed that the second one was 
gaseous at the ordinary temperature, and on burning it he 
found that one volume of this gas requires six volumes of 
oxygen, yielding four volumes of carbon dioxide. Accordingly 
Faraday concliuh^d that the ‘‘new hydrocarbon ” has the same 
composition as olefiant gas, but ho noticed that it has a specific 
gravity between 27 and 28 (H=l), or double that of olefiant 
gas. Like this latter compound the new hydrocarbon combines 
with an equal volume of chlorine to form an oily liquid, but the 
oil thus obtained contains twice the quantity of carbon and 
hydrogen to the same quantity of chlorine as Dutch liquid.^ 
To tins hydrocarbon, C4Hg, Berzelius gave the name of ditctryL 
Kolbe 2 by the electrolysis of potassium valerate afterwards 
obtained a compound of similar constitution together with valyl 
(di-isobutyl, Part I. p. 654), and Wurtz ^ found a similar com- 
pound amongst the products of decom])osition of amyl alcohol 
at a red-heat. Soon after this, Berthelot ^ observed that this 
hydrocarbon, which was also termed tetinjlme, hutyrene, and 

» Phil, Trans. 1825, r* 440. 

* /(&. civ; 240. 


® Ann. Che^Yi, Phamt^-. Ixix. 269. 
^ Jb. cviii. 200. 
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hutylcrv^i is formed when sodium acetate or calcium oleatc is 
heated with soda lime, and that it also occurs as a product of 
decomj)osition of other organic bodies at high temj^eratures. 
According to Hahn ^ butylene is also found, together with its 
homologues, amongst the products which are obtained by dissolv- 
ing cast-iron in acids, a fact which has been subsequently 
confirmed by Cloez.- 

At first it was believed that the but 3 dencs obtained by tliesc 
various processes were identical, but other investigations have 
shown that three is<^meric modifications exist, viz. — 


(1) 0-1*11 t 3 "lciio, or Ethylotliyleiic. 

CH,.CH..C 1 I i:. CTL. 

(ii) /3 lUitylciio, or Sy^miiuitrioul Diniothylotlijrleiie. 

CII/JH ~ CH.CH^. 

(3) Isobutyliiiie, or tJiisynnuctrical Diinetliylotliyloiio. 

0JJ 

CH,, ^ 

568 a’^Bnlykne, 01 Efhijl Ethyhne, CTT,.CH 2 CH :r. CH,. This 
body Avas first obtained by Wurtz by heating brom ethylene (vinyl 
bromide), C 2 H 3 Br, with zinc cthide, and described as vinyk 
ethyl? It is also obtained together with ethyl-butyl other when 
primnry butyl iodide is heated with alcoholic potash.^ It 
is a gas at the ordinary temperature, but it can be condensed by 
cold to a litpiid boiling at 5^. 

a-Buiyknc BromidCy CTT^ GH^-CHBr.CH^Br, is a colourless 
liquid boiling at 16G° ami having a specific gravity of 1’8053. 

a~B'ittjjlcne CH3,CH2.C}l(OH).CH2(OH), is obtained by 

treating the bromide with silver acetate and glacial acetic acid 
and decomposing the product Avith caustic baryta. It is a thiclc 
liquid soluble iii Avater, boiling at 191° — 102°, and htwing at 0 *^ 
a specific gravity of 1'0189 (SaytzeAv and OraboAvsky). 

Ethyl chlorether, CH 3 .CH,.CH(OC,H,)OIT 2 (.fi and biethyl 
ether, CH 3 .CIl 2 .CH(OC 2 H 5 )CH 2 (OCy:r“), ‘already described, are 
also a-butylene compounds. 

^-Butylene,' or Symmetrical Dimethyl Ethylene, CH3.CH 
CH.CH3, is obtained by heating secondary butyl iodide with 

' Ann, Chem, Pharm. cxxix. 57. ® Conqit. Rend, Ixxviii. 1565. 

* A7in, Chem. Plia^'m, clii. 21. 

* Liebcn and Kossi, ih, clviii. 164 ; Grabowsky and ih, clxxix. 330. 
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alcoholic potash,^ It is also formed when a mixture of methyl 
iodide and allyl iodide, CHg — OH — CHgl, is heated with 
sodium.^ In this case the formation of a-butylene might be 
expected, and a small quantity of this substance is formed, *as 
well as some isobutylene, ^ but the chief product is the /9-com- 
pound, and hence a molecular interchange has taken place. Its 
formation from isobutyl alcohol is still more remarkable. For 
this purpose this liquid is allowed to drop on to heated zin 
chloride, and the gases evolved are passed through sulphuric 
acid diluted with one-half its volume of water, the isobutylene 
which is formed at the same time being absorbed. The unab- 
sorbed gases are passed into bromine, and from the product 
/ 8 -butylene bromide is obtained by fractional distillation. If 
this body be treated with sodium the pure hydrocarbon is 
obtained, boiling at -f I'’ and having a specific gravity at —13® 5 
of 0 ‘635. It solidifies in a vacuum over a mixture of ether and 
solid carbonic acid to a crystalline mass. 

^•^Butylenc Bromide, CHj,.CHBr.CHBr.CFTj,, is a liquid boiling 
at 158® and having a specific gravity at 0 ® of 1’821. When 
heated with 20 times its volume of water together with lead 
oxide to 140® — 150® it is converted into incthyl-etbyl ketone 
(Eltekow). 

/ 8 -Butylene glycol has not yet been prepared. Another glycol 
standing between it and the a-compound has however been 
obtained, to which there is no corresponding olefine. 

rf-Butylcne Glycol, Cn 3 .CH(OH)CH 2 .CH 2 (OH), is formed in 
small quantity, together with ethyl alcohol, when an aqueous 
solution of acetaldehyde is treated with sodium amalgam and 
the liquid kept slightly acid by addition of hydrochloric acid.'* 
In this case / 8 -oxybutyTaldehyde, a body • aftei-wards to be 
described, is first formed, and this combines with nascent 
hydrogen to form the glycol.® It is a thick liquid having a 
sweet taste, and is not soluble in water but dissolves in ether. 
It boils at 203®*5 — 204.® 

569 Isobutylene, or UmymmciHcal Dimethyl Ethylene, ( 0113)2 
CziCHg, was first obtained by Kolbe by electrolysis of calcium 
valerate. It is also found, probably together witLisomerides, in 
the products of decomposition of amyl alcohol by heat.* It is 

^ De Luynes, Ann, Chem, Pharm, cxxix. 200 ; cxxxii. 275; Liebeh, ih, cl. 108. 

* Wurtz, ih, cxliv. 235. 

* Orosheintz, Bull. Soe. Chim, xxix. 201 ; Le Bel and Greene, ib. xxix. 806. 

^ Kekul^, Ann. Chem. Phann. clxii. 81 0. ® Wurtz, Bull, Soc. Chim. xx. 4. 

* Butlerow, Ann, Chem, Pharm. cxlv. 277. 
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likewise formed easily when isobutyl iodide or tertiary butyl 
iodide is heated with alcoholic potash. The simplest method of 
obtaining it is however to heat together a mixture of 10 parts of 
isobutyl alcohol, 10 parts of sulphuric acid, 4 parts of potassium 
sulphate, and 16 parts of calcium suli)hate.^ According to 
J. Lermontow a better yield is obtained by adding 2 parts 
of water, and using powdered glass instead of calcium sulphate.^ 
Konowalow foiind that this j->rodiict contains about one-third 
of )8-butyleno and a small quantity of a paraflSn which is 
probably isobutane.^ Isobutylene is a gas which has an un- 
pleasant smell like coal gas, and is condensed by pressure or 
cold to a liquid which boils at — . 

Isobutylene Chloride^ C 4 HgCl 2 , is an oily liquid having a 
smell resembling that of ethylene chloride and boiling at 123® 
(Kolbe). 

IsohutylcTie Ghlorhydrin, (CH3)2CC1.CH2.0H, is obtained by 
the union of hypochlorous acid with isobutylene. It is an 
aromatic-smelling liquid boiling at 137°, and being converted by 
the action of sodium amalgam and water into isobutyl alcohol.® 

Isobutylene Bromide, C^H^Erg, boils at 148° — 149° and has a 
specific gravity at 14° of 1‘798. When heated with lead oxide 
and 15 to 20 times its volume of water to 140° — 150° isobutyl 
aldehyde is formed, together with a small quantity of isobuty- 
lene glycol.® Alcoholic potash converts the bromide into 
hromisobutylcne, (CHglgC ZI CHBr, a body boiling at 91°, and 
yielding isobutyric acid on heating with silver oxide and water 
(Butlerow). 

Isobutylene Glycol, (CH 3 ) 2 C(OH)CH 2 (OH), is a liquid re- 
sembling common glycol, oWined by heating the bromide . with 
water and potassium carbonate. It boils at 176° — 178° and 
has at 0° a specific gravity of 1*0219.^ 

Wurtz obtained a butyl glycol from butylene obtained’ by the 
decomposition of amyl alcohol at a red-heat. It boils at 183° 
— 184°,® and is probably a mixture. 

Nitrodsobutylene, (CH3)2Cz:CH(N02), is formed by the action 

' Pucliot, Cmnpt. Jteud, Ixxxv. 757. 

® Ann. GJwm. Pharni. exevi. 117, 

® Bull, Soc, Chim. [2], xxxiv. 333. 

* Butlerow, Zeilsck. Chem, 1870, 236. 

® Butlerow, Ann, Chem, Phartn. cxliv. 26. 

® Jllketow, Joum, Buas, Chem, Gea, x. 214. 

^ Nevol4, Bull, Soc, Chim, xxvii. 63. 

^ Ann. Chim. Phys. [31, Iv. 400. 



166 


THE BUTYLENE COMPOUNDS.' 


of concentrated nitric acid on trimethyl carbinol. It is a 
yellowish oil which boils with partial decomposition at 154® — 
158®, and has a very pungent smell and burning taste. It is 
almost insoluble in water but dissolves readily in alkalis. With 
alcoholic soda it yields the compound C 4 HQNaN 02 , a yellow 
powder which on heating deflagrates, and decomposes on 
standing, changing its colour to brown. If nitro-isobutyleno bo 
heated with water to 100 ® it decomposes into acetone and nitro- 
inethane, and when heated with hydrochloric acid, it yields 
ammonia, hydroxylamine, carbon dioxide and other products 
which have not yet been investig.atcd.^ 
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570 Thncldorhutidem Oxide, Triddorhiityraldcliydc, or Butyl 
Chloral, CH3.CHCl.CCl2.COH, was first obtained by Kriimcr and 
Pinner ® by acting with chlorine on acetaldehyde, and described 
as croton chloral, C 4 HgCl 30 . Its correct composition was then 
recognised by Pinner, ^ who also explained its formation. Two 
molecules of aldehyde first unite together with separation of 
water and formation of croton aldehyde : 


CH, 

ioH 

CH, 

Aoh 


CH, 

Jh 

I 

COH 


+ H2O. 


Chlorcroton -aldehyde, CHg.CHzi CC1.COH, is then formed, 
and this unites with one molecule of chlorine. The compound 
is best obtained by passing chlorine into paraldehyde, which is 
well cooled and afterwards heated to 100 ® as long as action is 
observed. More alcohol is added to the product, and this 
neutralized with calcium carbonate, when the whole is distilled 
and the corresponding hydrate obtained, and this on heating in 
a stream of hydrochloric acid yields pure butyl chloral. It is an 
oily pungent-smelling liquid, boiling at 164® — 165®, and having 
a specific gravity of 1.3956 at 20®. 

^ Haitinger, Ann, Ch&m, Pharm, cxciii. 366. 

^ Ber, D&uMi, Chem, Oea, iii. 886 and 790. 

* Ann. Chem. Pharm. clxzix. 21. 
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Trichlorlnttidev^ Olycol^ or Butyl Chloral Hydrate, CH3.CHCI. 
CCl 2 .CH(OH) 2 , is easily obtained by the union of the foregoing 
compound with water. It crystallizes in tablets which are 
difficultly soluble in hot water. It fuses at 78®, and is easily 
volatile, yielding a vapour which excites a flow of tears. Given 
internally it acts similarly to chloral hydrate, and is said to have 
been used with good effect in certain cases. In other respects 
butyl chloral presents the greatest analogy to common chloral. 
Potash solution decomposes it in the cold with formation of 
allylene dichloride, CH3CCI .tl CHOI, and potassium formate. 
Heated with fuming nitric acid, trichlorhutyric aM, CH3.CHCI. 
COlg-COgH, is formed, a body tolerably soluble in water, and 
crystallizing in needles which melt at 60®, the acid "boiling, 
between 236® and 238®, and forming salts which are easily 
decomposed.^ 


THE OXYBUTYRIC ACIDS 

571 a-Oxylutyric Acid, CH 3 .CH 2 .CH( 0 H).C 02 H, was first 
obtained from brombutyric acid (Part I. p. 679) by acting on it 
with water and silver oxide.^ In order to prepare it, brombutyric 
acid is boiled with baryta solution, the barium precii)itated by 
sulphuric acid and the oxybutyric acid extracted from the solu- 
tion by shaking with ether. The crude acid is then converted 
into the zinc salt, (C 4 Hy 03 ) 2 Zn-h 2 H 20 , crystallizing in small 
prisms and difficultly soluble in cold water, and this is then de- 
composed by sulphuretted hydrogen.^ 

a-Oxybutyric acid is also formed when propionaldehyde is 
mixed with an excess of aqueous hydrocyanic acid and allowed ^ 
to stand for some days at 0®. One and a half times its volume 
of hydrochloric acid of specific gravity 1*185 is added, and the 
whole allowed to stand at the ordinary temperature for some 
days, and then heated for some hours to 60®^70® and the acid 
removed by shaking with ether.* 

It is a crystalline deliquescent mass melting at 42®-42®*5, 

^ ErSmer and Pinner, J^er. DetUsch, Chem, Ges, iiL 389 ; Judsoii, ib, iii. 
785 ; Kahlbaum, ib. xii. 2337 ; Gazzorolli-Thumlak, Ann, Cheni, PJiarm, 
clxxxii. 181. 

^ Naumann, ib, cxix. 115 ; Friedel and llachuca, ib, cxx. 270. 

* Markownikow, ib, clix. 242. 

^ Prizibytek, Joum, Russ, Cheni, Ges, viii. 335 ; Ber, Deuisch, Chinn, Oea, 
ix. 1348. 
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'beginning to sublime at 60 °— 70 ®, and boiling at 255 °— 260 ° with 
partial decomposition. On oxidation it yields propionaldehyde 
and propionic acid.^ 

572 ^-Oxylnttyric AcAd, CH3.CH(0H).CH2.C02H, was first ob- 
tained by Wisliceniis by acting with sodium amalgam and water 
on ethyl acetacctate ® (p. 172 ). It is also formed when propylene 
chlorhydrin is heated to 100° with potassium cyanide and spirit 
of wine, and the nitril which is thus formed decomposed witli 
caustic potash.* In order to separate it from alkali salts* which 
arc formed at the same time, it is acidified with sulphuric acid 
and shaken up with ether ; the ethereal solution depositing the 
acid as a viscid deliquescent syrup, which volatilizes in a current 
of steam, and when heated by itself is converted into a-crotonic 
acid. The zinc salt is, like most of the /8-oxybutyrates, 
amorphous. 

^-Oocylnttyraldehyde, CH3.CH(OH).CH2.COH. This com- 
pound, which is the only known aldehyde in the lactic acid 
scries, was obtained by Wurtz by gradually adding 2 parts of 
hydrochloric acid of specific gravity 1'16 cooled to —10°, to a 
mixture of equal parts of hydrochloric acid and aldehyde cooled 
to 0°. The mixture was allowed to stand for some days at the 
ordinary temperature, then neutralized with carbonate of soda, 
shaken up with ether, and the residue remaining on evaporation 
was distilled in a vacuum. The formation of this body, which 
was termed aldol (aldeliyde alcohol) by Wurtz, is explained by 
the following equations: 

(1) CH3OOH + HCl = CH3CH(0H)C1. 

( 2 ) CH3.CH.(0H)C1 + CH3.COH = CH3.CH(0H)CH2C0II + 

HCl. 

It is a thick liquid which at 0 ° is so tenacious that the vessel 
containing it may be overturned without its running out. It is 
easily soluble in water, and has a bitter aromatic taste. Under 
ordinary pressure it cannot be distilled without change, as it 
decomposes above 135 °, into water and croton aldehyde. It 
quickly reduces ammoniacal silver solution with formation of a 
silver mirror, and production of )8-oxybutyric acid, and unites 
with nascent hydrogen, forming ^-butylene glycol. 

^ Ley, Ber, BculscU, Ckcm. Ges. x. 230. 

^ Ann. Chem. PM'i'm. cxiix. 205. 

* Markownikow, ih. cliii. 237. 
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On standing it undergoes spontaneous change into paraldol, a 
body crystallizing in triclinic prisms, and this on heating under 
diminished pressure is again transformed into aldol. 

* Aldol- Ammonia^ or Oxydihididene Hydroxyaminej 

CH3.CH(0H).CH2CH 1 

is obtained by passing ammonia into an ethereal solution of 
aldol. It is a syrupy liquid, which dries up in a vacuum to a 
resinous mass. 

Dialdan, C3H14O3, is formed when the mixture of aldehyde 
and hydrochloric acid, used for the 2)reparation of aldol, is 
allowed to stand for some time. 

It forms crystals which arc slightly soluble in cold water, but 
dissolve in boiling alcohol and melt at 130 °. Like aldehyde it re- 
duces ammoniacal silver solution, and it is oxidized by potassium 
permanganate with formation of monobasic dialdanic add, 
CgHj^O^, a body easily soluble in water, and crystallizing in 
monoclinic prisms, which melt at 80 ".^ 

When dialdan is treated with sodium amalgam in slightly 
acid solution, dialdan alcohol, CgH^gOg, is formed. This is a 
crystalline deliquescent mass melting at about 50 ° and boiling at 
162 ° — 165 ° under a pressure of 1 Omni. On heating with acetic 
anhydride, the diacetate, C8Hi^(02H30)203, is formed. The 
alcohol does not combine with bromine, and tlie dialdan com- 
pounds therefore do not not contain, as Wurtz formerly supposed, 
two doubly linked carbon atoms. He now gives the folloAving 
formula to the alcohol : ^ 

CH3.CH.CH2.CH.Cll2.CH(OHjCH2CIl2.()H. 



When dialdan is heated with aqueous ammonia, the dyad 
base, C13H28O2N2, is formed. It is amorphous, easily soluble in 
water, and has an alkaline reaction and a very bitter taste.® 

573 ^-Oxyhutyric Add, GH2(0H).CH2.CH2.C02H. By the 
action of phosphorus pentachloride on succinic acid, C2H4(C02H)2, 
the corresponding chloride, C2H4(C0C1)2, is obtained, and this 
when treated with glacial acetic acid and sodium amalgam yields 

' BjUU Soc. Chim, [2], xvii. 436; xx. 4; Conipt. Bend, Ixxxiii. 255, 1259 ; 
Ixxxvii. 45 ; Bull, Soc. Chim. xxviii. 170. 

* Compt. Bend. xcii. 1371. 

» Ib. xc. 1030. 
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the anhydride of the above oxy butyric acid, wliich probably 
possesses the following constitution : 

CH2.CII2CH, 

O CO. 

It is a crystalline body boiling at 201° — 203°, and when heated 
with baryta water it yields the crystalline deliquescent barium 
salt, from which the acid can be liberated by dilute sulphuric 
acid and withdrawn from solution by means of ether. On 
evaporating this solution the acid remains as a liquid^ which on 
distillation yields water and the anhydride, which on oxidation 
yields succinic acid, and was formerly considered to be the 
aldehyde of this latter acid. The solution of the zinc salt 
yields a syrup on evaporation, which on standing solidifies to 
an imperfectly crystalline mass. 

By the action of phosphorus iodide on the aqueous solution 
of tlie anhydride 7-iodobutyric acid is obtained, an oily liquid 
which is converted into normal butyric acid by tlie action of 
dilute sul];)huric acid and sodium amalgain.^ 

574 a-Oxyisdbutyric Add, (CH^)2.C(0IT).C02H, was first 
obtained by Wurtz by oxidizing amylene glycol, and termed by 
him butyl lactic acid.^ Stiideler afterwards obtained it by the 
action of hydrocyanic acid and hydrochloric acid on acetone, a 
inode of formation -which is analogous to that of lactic acid from 
aldehyde, and termed it acetonic acuU After this Fninhland 
and Duppa obtained an acid of the same composition by 
heating methyl oxalate with methyl iodide and zinc, and to it 
they gave the name of dimethyl oxalic acul^ and Markownikow 
found that these acids are identical with that which he obtained 
by boiling bromisobutyric acid with baryta water. ^ Any one of 
these different methods may be employed for the preparation of 
the acid. A mixture of acetone, hydrocyanic acid and dilute 
hydrochloric acid is allowed to stand for three weeks. It is then 
boiled for three days in connection with a reversed qondenser, 
the excess of acetone evaporated off on the water-bath, and the 
residue shaken with ether, the acid remaining after evaporation 
of the ether being converted into the zinc salt, and this in its 
turn decomposed by sulphuretted hydrogen.** 

^ Saytzew, Joum. Prakt. Chem, [2], xxv. 61. 

^ Ann, Cticm, Pharm, evil. 197. 

® Ib. cxi. 320. * Ih, cxxxiii. 80. 

* lb, oliii. 228. ® Markowni^w, ih, cxlvi. 399. 
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To obtain it from methyl oxalate, amalgamated granulated zinc 
is covered with a mixture of the ether and methyl iodide, in the 
proportion of 1 to 2 molecules, and the mixture licated in 
absence of air for 96 hours to 30*’ — 50®. To the crystalline 
mass wafer is gradually added and the whole boiled with an 
excess of caustic baryta. The dissolved iodine is removed by 
silver oxide, and the barium precipitated by carbon dioxide, the 
barium salt being obtained by concentrating the solution, and 
this again decomposed by sulphuric acid.^ 

If the acid is to be obtained from bromisobutyric acid, 
sodium carbonate should be employed in place of caustic 
baryta.^ 

Oxyisobutyric acid is very soluble in water, and crystallizes in 
large white prisms which melt at 70°, but begins to sublime at 
50°. It boils without decomposition at 212°, and volatilizes easily 
in a current of steam. It has a strong acid taste and a pcjculiar 
chccse-liko smell. Its crystalline salts are all easily soluble in 
water, with tlie exception of the zinc salt (C^II^OJjjZn -I- 2 H 2 O, 
which crystallizes in six-sided microscopic laminm, or in well- 
formed four-sided tables, dissolving at 15° in ICO parts of water, 
and being somewhat more soluble in boiling water, 

y 8 -Oxysobiityric Acid, which ought, ac- 

cording to theory, to exist, is not known. 


THE KETONIC ACIDS. 

575 Propionyl Formic Acid, CHg.CIIg.tJO.COgH. When pro- 
pionyl chloride is heated with silver cyanide, itsnitril or propionyl 
cyanide, CgHg.CO.CN, is formed. This is a Ihiuid resembling 
acetyl cyanide ; it boils at 108° — 110°, and is decomposed by 
water into propionic acid and hydrocyanic acid. Propionyl formic 
acid is obtained by the action of hydrochloric acid upon this body. 
It is a peculiarly smelling oil which boils under a pressure of 
25mm. at 74° — 78°. Sodium amalgam and water convert it into 
a-oxybutyric acid. The majority of its salts are easily soluble 
in water and crystallize well, and this serves to distinguish this 
acid from its lower homologue, pyroracernic acid.^ 

^ Ann. Che^Yi. Phami. cxxxv. 25. - Fitti", ih. cc. 68. 

3 Claisen and Moritz, Ber, Deutsch, Chem, Ges. xiii. 2121. 
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576 Acetoacetic Add, CH3.CO.CH2.CO2H, is not known in the 
free state. Ethers of it are however known, and of these the 
following are the most important. 

Ethyl Acetoacetate, . or Acetoacetic Ethyl Ether, CH3.CO.CH2. 

' COg-CgHg. In the year 1863 Geuther commenced to study the 
action of sodium on ethyl acetate, and found that a crystalline 
compound having the formula C^H^NaCg is formed, together with 
sodium ethylate, hydrogen being at the same time evolved. If. 
the first of these substances be heated with methyl or ethyl 
iodide, ether-like compounds are formed, whilst by the action of 
hydrochloric acid on this sodium compound a volatile liquid 
having the composition CgHj^^Og is produced, to which he at 
first gave the name of diacetic ether.^ Later on, however, he 
found that one atom of hydrogen in this body can be replaced not 
only by sodium but by other metals, and he then considered the 
body to be ethyl diacetic acid, and the bodies obtained by 
the action of iodides on this he considered to be the etfcers of 
this acid.^ 

In the meantime Frankland and Diippa,® without being 
acquainted with Geuther’s investigations, occupied themselves 
with this subject, and likewise found that sodium acts upon acetic 
ether with evolution of hydrogen and formation of a crystalline 
mass. This mass they treated with ethyl iodide, and after the 
reaction was complete added water to it and distilled, and from 
this distillate obtained the following i)roducts : 

(1) Diethyl ether, (C.2H5)20. 

(2) The ethyl ether of ethyl acetic acid, (C2H5)CH2.C02H, 
which is identical with butyric acid. 

( 3 ) The ethyl ether of diethylacetic acid, (C2Hg)2CH.C02H, 
which is isomeric with caproic acid. 

( 4 ) Ethyl acetone-carbonic acid, CgHi403, a body identical 
with Geuther's ethyl diacetic ethyl ether, and it is converted by 
heating with baryta water into alcohol, carbon dioxide, and 
ethyl acetone (C2Hg)CH2.CO.CH3. 

( 5 ) Diethyl-acetone acetic ether, CioH^gOg, a body which on 
heating with bases yields alcohol, carbon dioxide, and diethyl- 
acetime, (C2H3)2CH.CH.CO.CH3. 

Similar compounds with other alcohol radicals were obtained 
by the employment of the iodides of methyl, isopropyl and 
amyl. 

> Jahresh, Chem. 1863, 323. > ift. 1865, 302. 

* rhiU Tram. clvi. 87. . 
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The formation of ethyl acetic acid and diethyl acetic acid .^nd 
other simple and double substituted acetic acids was explained 
by the supposition that when sodium acts upon acetic ether the 
compounds CH2Na.C02G2ll6 and CHNag. 00202^^5 formed, 

and that when the sodium in these is replaced by alcohol radicals 
the ethers of the higher fatty acid are produced. 

The formation of ethyl carbonate of ethyl can also be readily 
explained. According to Geutlier the formation of sodium ethyl 
diacetate, or sodacetone carbonate of ethyl as Frankland and 
Duppa called it, is represented by the following equation : 


- 2 C 2 H, 0 .C 2 H 30 + Na2 = H 2 + CaHg.ONa + 

But accor^iing to Frankland and Duppa it is probably formed 
as follows : 


CH3 

4 I * + 


Na 2 


CH3 

1 

CO + 2 C,H 5 . 0 H + Hy 
(!ima 


CO.OCjHs 

If the sodium be replaced by ethyl, ethyl carbonate of ethyl is 
formed, and this is decomposed by baryta water into ethyl 
acetone, alcohol, and carbon dioxide. 

In this reaction disodacctonate of ethyl may be formed : 


CH3 

OH3 I 

2 I + Na^ = CO + C,HjOH + H„. 

CO.OCJIs I 


CO.OCiiHs 

This can be converted by ethyl iodide into diethyl carbonate 
of ethyl which yields diethyl acetone when decomposed by 
alkalis.^ 

These views are generally accepted, and as in this case the 
action of sodium upon acetic ether is first to produce sodium 
acetoacetic ether, CH2Na.C02C2H5, it was hoped by the action of 
acetyl chloride on the crude product to obtain larger quantities 
of Geuther’s ethyl diacetic acid.* Hence it was termed acetyl 
acetic ether,* or shortly, acetacetic ether. 

^ Phil, Trann. xevi. 37. * Lippmann, Zcitsch. Chem. 18(^0, 28. 

*. Wislicemis, Ann. Chem, Phami. cxlix. 207. 
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Geuther had, however, in the meantime repeated his experi- 
ments and arrived at exactly the same conclusion as before. He 
in vain endeavoured to obtain the hypothetical sodium com- 
pound, the existence of which Frankland and Huppa assumed, 
and he was able to explain to a great extent some of the 
syntheses obtained by these chemists. He found in the first 
place that when pure sodium ethylate is heated with pure 
acetic ether a considerable quantity of “ ethyl diace tic acid ” is 
formed — 

CaH^.ONa + = 2C2H,.OH + CoH.NaO.,. 

Moreover, ho observed that when the ethyl ether of this acid 
(ethyl acetone carbonate of ethyl) is heated with acetic ether and 
sodium ethylate, ethyl butyrate is formed : 

C,H,(C.,H,)03 + C.,H5.0Na + C2H3O.OC2TT, == (:!JT3NaO. 4 - 
SC.HyO.OC.U,, 

By the action of sodium on acetic ether the first compound 
\viiich is produced is CgHjjNaO.^, together with sodium ethylate. 
This latter acts further upon the acetic ether according to the 
first of the above equations. By the action of ethyl iodide 
ethyl acetone carbonate of ethyl is formed, and this is then con- 
verted according to the second equation into sodium acetate 
and ethyl butyrate. He also suggested that the latter comi)ound 
yields the two other bodies, inasmuch as wdien treated with 
sodium ethylate, it beliaves in a similar way to ethyl acetate.^ 

Further investigations on this subject have shown that when 
perfectly pure and absolutely dry acetic ether is made use of no 
hydrogen is evolved.^ According to Oppenheim and Precht^ 
this depends upon the fact that a part of the acetyl which 
separates from the acetic ether is reduced to sodium ethylate : 

CH3.CO- + Na + H, = CH3.0IT2.0]Sra. 

577 The researches of Wislicenus and his pupils however have 
thrown a clear light upon the changes which accompany the 
synthetical reactions discovered by Frankland and Duppa. The 
results to which they arrived have already been mentioned. 
(Part L, page 180 .) 

It is therefore sufficient here shortly to state that the ethyl 
sodacetacetate, CH3.CO.CHNa.CO.OC2H5 is converted by acids 

1 Jahresh. 1868, 611. 

^ Wanklyn, Joum, Chem* Soe. [2], ii. 371 ; Ladenburg, Ber, Deutsche Chem, 
Oea. iii. 305. 

» Jb, ix. 320. 
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into ethyl acetacetate, CH3CO.CH2.CO.OC2H5, in which one 
hydrogen atom, but no more, can be again replaced by sodium. 
In the ethers which are obtained by the action of the iodides of 
the alcohol radicals on these sodium compounds the second atom 
of hydrogen can be replaced by sodium giving rise to compounds 
such as CH3C0.C(C2H5)Na.C02C2H^. In this the metal can 
again be replaced by an alcohol radical. The simple and double 
afcetacetates thus obtained are decomposed by concentrated 
caustic potash in the following way : 


CH, 

1 

CH, 

1 

CO 

CO.OK 

1 + 2KOH 

= 

CXY 

CHXY 

1 

1 

CO.OC,H« 

CO.OK 


In this formula X and Y signify either hydrogen or any 
alcohol radical, and they yield therefore i)Otassiiim acetate, the 
potassium salt of a simple or double substituted acetic acid and 
alcohol. 

By the action of baryta water Ketones are formed : ^ 


CH3 

I 

CO 

I 

CXY 


+ Ba(OTT), 


CH, 

I ■ 

CO + 
I 

CHXY 


HO.C^Hg + CO.,Ba. 


CO.OCJT, 

578 Frepamtion. In order to prepare ethyl acetacetate, the 
following process may be employed ; 

To one kilo, of pure ethyl acetate contained in a flask provided 
with a reversed condenser 1 00 grams of sodium cut into small 
pieces are at once added when the liquid soon begins to boil. 
When this ceases it is heated on a water-bath until the metal 
is completely dissolved. To the still warm liquid mass 550 
grams of 50 per cent, acetic acid are then added and the whole 
well shaken up, the mixture allowed to cool, and then 500cc. of 
water added when the mass separates into two layers. The 
upper of these is removed, washed with a little water and distilled 
in the water-bath, when the larger quantity of unaltered ethyl 


^ Ann, Chem, Pharm, clxxxvi. 161, where the history of this subject is fully 
discussed. . » 
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acetate distils over. The residue is then submitted to fractional 
distillation until the chief portion boils at 175® — 185®, and the 
liquid thus obtained is sufficiently pure for most purposes. By 
repeated fractional distillation a somewhat purer product boiling 
at 178® — 182® is obtained, but as the ether decomposes slightly 
on distillation into products which will be afterwards described, 
a perfectly pure substance cannot be thus obtained. In the 
most favourable case a yield of 175 grams is obtained.^ The 
large excess of ethyl acetate is necessary in order to diminish the 
decomposition which occurs and by which the yield would be 
much diminished. The alcohol is removed by shaking the 
portion passing over below 100® with common salt. The upper 
layer of liquid is then dried over calcium chloride and purified 
by distillation, and in this way 350 — 400 grams of ethyl acetate 
are recovered. 

Ethyl acetacetate is a liquid having a pleasant fruity smell, . 
and boiling with slight decomjK)sition at 181®, its specific 
gravity at 20® being 1‘0256. When brought in contact with 
sodium amalgam and water it is converted into ^-oxybutyric 
acid.^ A very characteristic j)roperty of this substance is that 
it is coloured violet by ferric chloride. A similar coloration is 
produced by the same reagent in diabetic urine, and for this 
reason Geuther suggested that this liquid probably contains 
ethyl acetacetate, and this is rendered more probable by the fact 
that such urine yields the j)roducts of the decomposition of 
the ether, namely acetone and alcohol. More recent experi- 
ments render it almost certain that Geuther's suggestion is 
correct although the ether has not yet been isolated from this 
liquid. The quantity present is very small. In one case the 
amount was determined by converting it into iodoform, and it 
was found that in eight days 1 00 parts of urine had yielded from 
0.0399 to 0.01909 of etliyl acetacetate, probably occurring in 
the form of sodium compound.^ 

It has already been stated that ethyl acetacetate decomposes 
on distillation. In this case a peculiar acid is formed to which 
Geuther has given the name of dehydracetic acid^ CgHgO^. 
This is obtained in considerable quantity when the ether is 
heated for three hours to a temperature of 230® — 250®, when a 

' Ann. Chem, Pharm. clxxxvi. 214. 

* Wislicenus, ib. cxlix. 205. 

* Riipstein, Fmenius* Zeitsch. xiv. 419 ; Hilger, Ann. Chem. Plifirm. cxiiv. 

314. • . 
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considerable quantity of ethyl acetate together with other pro- 
ducts is formed.^ It is best obtained however by passing 
ethyl acetacetate through a tube heated below dull redness, when 
alcohol and acetone are also formed.® It is difficulty soluble in 
cold water but dissolves more readily in hot alcohol and crystal- 
lizes in rhombic tables which melt at 108®'5 and boil with 
partial decomposition at 269°. It is a monobasic acid and does 
not undergo change when heated with strong sulphuric acid or 
concentrated nitric acid. If heated with concentrated caustic 
soda it decomposes into acetone, acetic acid and carbon dioxide. 
Its constitution is unknown. 


METALLIC COMPOUNDS OF ETHYL 
ACETACETATE. 

579 These contain one atom of hydrogen which is easily re- 
placeable by metals, and this no doubt is rendered possible by the 
presence of the two carbonyl groups. The salts of acetacetic 
ether have been chiefly investigated by Geuther and by Conrad.* 

Ethyl Sodaedate, CgHgOgNa. This important compound is 
best obtained in the following way: 10 parts of sodium are dis- 
solved in 100 parts of absolute alcohol and an equal volume 
of anhydrous ethyl ether added, and then gradually a mixture 
of 56’5 parts of ethyl acetacetate and the same quantity of 
anhydrous ether. The mixture is then well shaken with 2 
parts of water when the whole is converted into a thick paste 
consisting of crystalline needles, which are then brought on to 
a filter pump and dried in a vacuum over sulphuric acid. In 
this way a glistening, light, white mass is obtained, whilst the 
filtrate, which still contains some of the compound, is distilled 
with acetic acid in order to regain the acetacetic acid.* Ethyl 
sodacetacetate crystallizes from hot benzol in feathery needles. 

It has already been stated that this substance is employed 
for the synthesis of various compounds. If the iodide of an 
alcohol radical act upon this body, sodium is replaced by the 
radical, and a substituted ethyl acetacetate is obtained, which 

^ Conrad, Ber. Deui^h. Chem. Gea, vii. 688. 

* Oppenheim anxt Preebt, xb. ix. 323 and 1099. 

• Ann. Chffm, Pharm, dxxxvlii. 269. 

^ Harrow, %b, cci. 143. 

N* 
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being decomposed by strong alkalis yields acetic acid, an homo- 
logous acid, and alcohol. This substituted ethyl acetacetate again 
forms a sodium compound in wliich the metal can be replaced 
by an alcohol radical, and by the decomposition of the com- 
pound thus obtained a doubly substituted ethyl acetate is formed 
(Part I. p. 181 ). Less powerful alkalis such as baryta water 
decompose the ethyl acetacetate into a ketone, carbon dioxide 
and alcohol. If, instead of an iodide of an alcohol radical, the 
ethereal salt of an halogen-substituted fatty acid be employed, 
a class of ethers is obtained which in a similar way yield by the 
action of alkalis either the acids of the oxalic series or ketonic 
acids. In the ethereal salts of the latter, finally, another atom 
of hydrogen may be replaced by sodium, and this again by 
carbon radicals, and thus the synthesis of the higher dibasic 
acids and of the tribasic acids may be accomplished. 

In most cases it is not necessary to obtain the ethyl sodacet- 
acetate in the pure state, but tlie process may be carried 
out as follows. Sodium is dissolved in ten times its weight of 
absolute alcohol, and to the cold liquid the calculated quantity 
of acetacetic acid added and then the halogen compound, when 
a reaction usually occurs spontaneously. This is allowed to go 
on slowly, but in some cases it must be aided by heat, whilst if 
it become too rapid the mixture will require cooling or the 
halogen compound must be added by degrees. The end of the 
reaction is easily indicated by the fact that the solution no 
longer renders red litmus-paper blue. The larger quantity of 
the alcohol is then distilled off on the water bath, water is 
added to the residue and the lighter layer of licpiid purified by 
fractional distillation. The mono-substituted ether thus obtained 
treated in the same way yields a doubly substituted one. If, 
however, the same alcohol radical has to be introduced twice, 
the same quantity of sodium ethylate solution is added when 
the reaction is over and then the process carried on as above 
described. In many cases t>vo atoms of sodium may be intro- 
duced into one molecule of ethyl acetacetate at once, and then 
two molecules of the halogen compound may be added. 

If the products of decomposition of the ethyl acetacetate are 
required and not the pure ether itself, it is simpler to remove 
the larger quantity of alcohol as above described and treat the 
residue with alkali.^ 

^ Conrad and Limpach, Ann, Cheni, Pharm, cxdi. 153. ' 
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When ethyl sodacetacetate is treated with iodine the following 
reaction takes place : 

CH8.CO.CHNa.CO.C2H6 CH8.CO.CH.CO2.C2H6 

+ I.> = I + 2NaT. 

CH 3 .CO.CHNa.CO.C 2 H 6 ^ CH 3 .CO.CH.CO 2 .C 2 H 6 

The diacetosuccinic ether thus obtained is easily soluble in 
ether and alcohol, and crystallizes in rhombic tables which 
melt at 77°,^ and yields a series of interesting products of 
decomposition, which will be described further on. 

580 Ethyl Mdgnedum Acetacclate, (C 6 Hg 03 ) 2 Mg, is precipi- 
tated by mixing ethyl acetacetate with a solution of magnesium 
sulphate, ammonia and sal-ammoniac. This may be crystallized 
from solution in hot benzene or ether in glistening laminse 
melting at 240°. 

In a similar way the rose-red cobalt compound and the green 
nickel compound may be obtained. These are also soluble in 
hot benzene, and crystallize from that solvent. 

Ethyl Copper Acetacetate (CgHg 03 ) 2 Cii, is formed when a solu- 
tion of copper sulphate in ammonia is shaken with ethyl acet- 
acetate ether. It crystallizes from hot benzene or alcohol in 
glistening green needles which sublime partially at 178°, melt 
at 182°, and decompose at a higher temperature with separation 
of copper. 

Ethyl Aluminium Acetacetaie, (C 6 Hg 03 ) 3 Al, separates out 
when a solution of potassium aluminate is mixed with ethyl 
acetacetate. Glistening needles are deposited in a few hours and 
these are soluble in ether and benzene. These melt at 76°, and 
when gently heated in a narrow sloping tube can be volatilized 
without decomposition. 

Hence the copper and aluminium compounds belong to the 
small class of organo-metallic bodies containing oxygen which 
can be volatilized without decomposition. Amongst other com- 
pounds possessing this property we find aluminium ethylate, 
ethyl lead hydroxide, and ethyl tin hydroxide, &c. 

581 Ethyl Chloracetacetate, CH 8 .CO.CHCl.CO 2 .C 2 H 6 , is formed 
when sulphuryl chloride is allowed to drop into ethyl acetacetate : 

CH3.CO.CH2.CO2.C2H6 + SO2CI2 = CH3.CO.CHCl.CO2.C2H6 + 

HCl -h SO 2 . 

It is a liquid boiling at 193° — 195°, and its vapour attacks 
* Kiigheimer, Bcr» Deatseh. Chem. Oh, vii. 892. 

N* 2 
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the eyes. Alcoholic potash decomposes the liquid with forma • 
tion of chloracetic acid.^ It also forms metallic compounds.® 

Ethyl Dichloracetcicetate, OH3.CO.CCl2.CO2.O2H5, is obtained 
by acting with chlorine on ethyl acetacetate,® as well as by 
treating it with an excess of sulphuryl chloride. It is a liquid 
boiling at 205° — 207° and having a faint ethereal smell, but 
the vapours excite a flow of tears. When heated with dilute 
hydrochloric acid to 170° — 180° it decomposes into carbon di- 
oxide, alcohol, and unsymmetrical dichloracetone, CH3.CO.CHCI2, 
whilst potash decomposes it into acetic acid and dichloracetic 
acid. 

Ethyl Nitroso-acetacetate^ CH3.C0.CH(N0).C02.C2H5, is formed 
when ethyl acetacetate is dissolved in dilute caustic potash and a 
quantity of potassium nitrite equivalent to the potash used 
added, the mixture kept cold and acidified with dilute sulphuric 
acid, then made alkaline and the yellow solution shaken up 
with ether. The compound crystallizes from chloroform in 
colourless glistening hard prisms and dissolves in alkalis with a 
yellow colour. It melts at 52° — 54°, and does not yield Lieber- 
mann’s reaction with phenol and sulphuric acid (Part I. p. 421) 
but gives an intense red colouration. Its aqueous solution has 
an acid reaction.^ 

582 Ethyl Amido-acetacetate, CgHjiNOg, is a compound ob- 
tained by passing dry ammonia into well-cooled ethyl acetacetate. 
It is soluble in all proportions in alcohol and ether, and crystal- 
lizes in short, thick, monoclinic prisms, which melt readily. They 
are not soluble in water, but are soon converted in contact with 
it into a heavy liquid which solidifies at 2° — 4°. ® This body 
probably has the double molecular weight, and stands to ethyl 
acetacetate in the same relation as diacetonamine stands to 
acetone (Part I. p. 574). 

Ethyl ThiocarboLcetcLcetate, CH3.C0.C(CS).C02.C2H5, is formed 
when ethyl acetacetate is heated with carbon disulphide and lead 
oxide or zinc oxide to 100°. It crystallizes from hot alcohol in 
small straw-coloured needles melting at about 160°. 

ThiorUfic Acid, The sodium salt of this acid is 

produced when the product of the action of sodium on ethyl 
acetate is treated with carbon disulphide and washed with water. 
It forms brick-red coloured needles, and the free acid obtained 

' Allihn, Ber, DevistK Ch&tJfi, xi. 667. ® Jh, xii. 1298. 

* Cdnr^, lAdblg's Ann, olxxxvi. 232. 

* Meyer and Ziibl in, Bcr, 'BetUseh CJiem, Ges, xi. 320. 

» Pieclit, ib, xi. 1193. 
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from these by the actioo of hydrochloric acid crystallizes in 
orange-red glistening scales. Its formation takes place in two 
stages: 

( 1 ) CHs.CO.CHNa.CO2.C2H6 + CSs = 
CH3.CO.CH(CS2Na)COs.C2Hs. 

The sodium xanthate (Part I. p. 389). which is formed at 
the same time, acts at once upon the cohijMund which is thus 
produced ^ : 

(2) CH3.CO.CH(CS2Na)COs.C2H6 = g = 

/CS.SNa ® * 

CHS.CO.C-CS.OC2HS + NSH. 

xco.ocVb 

Sodium acts upon other ethereal acetates as it does upon com- 
mon ethyl acetate. The following ethereal salts of acetacetic 
acid have been prepared : 




B.P. 

Sp. Gr. 

At 

^ Methyl ether, 

C,HsOs.CH, 

169-170" 

1037 

9 

® Isobutyl ether, 

C,Hs 03 .C,Hs 

202-206’ 

0-979 

0 

* Amyl ether, 

C^HsOs-CsHu 

223’ 

0-945 

10 


Methyl acetacetate is coloured a dark cherry red by ferric 
chloride ; the others do not assume this colouration. They form 
metallic compounds, and may be distilled with slight decom- 
position when some hydracetic acid is formed, the alcohol radical 
not taking part in the reaction (Emnierling and Oppenhcim). 

^ Norton and Oppenhcim, Ber, Devisch, Chem. Gca. x. 701. 

^ Brandes, ZeitscK Chm, 1668, 454. 

^ Emmerling and Oi|pcnheim, Ber. Deutsch, Chm, Oes, ix. 1097 • 

^ Conrad, Chem. Pharm. clxxxvi. 228. 
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SUCCINIC ACID, CaH.CCOgH)^. 

583 In his work, D& Natura Fossilium, published in 1550, 
Agricola states that on the distillation of amber, which he considers 
to be an earthy resin, a saline substance is formed together with 
other bodies. Libavius, in his Alchymia (1595), also mentions 
this body : — “ Flos succini : mistis silicibus, spmtiibusqvje huwMis 
ahstractis fios elevatur," ^ In the same place he also describes a 
preparation of amber oil. He says ; — “ Summi alembic sal crjfs- 
talli imtar adhaeret** 

The early accounts respecting the salts of amber, or flowers 
of amber as it was called, were, however, very contradictory. 
Obtained from amber by means of heat, it was believed to be a 
volatile lye-salt; others considered it to be a body composed 
chiefly of sulphur. Lemery was the first to indicate its true 
nature. In his Cours de Chimu (1679), he says ^ “ Fay rcconnu 
que ce sel etoU (widCy et semblahle d celuy dcs plantes, qu'on appellc 
essentieiy Other chemists also indicated the acid nature of this 
body, but the idea that it was a substance similar to the 
vegetable acids was rejected by many, and it was believed to 
contain either sulphuric acid or hydrochloric acid. Some held, 
according to Pott, that the acid of amber-salt is nitric acid, but 
he showed ^ that this view is incorrect, and that succinic acid is 
a peculiar substance which most closely resembles the vegetable 
acids. This was confirmed by Stockar von Neuforn's careful 
investigation, Dissertatio de SuccinOy published in 1760, and 
from this time forward succinic acid was considered as one of 
the proximate constituents of amber, and Bergmann, in 1782, 
in his Setagraphiay defined it as petroleum acido succini adamavr 
turn. Its composition was first ascertained by Berzelius. 

Succinic acid is found in certain lignites and fossil wood, as 
well as in amber, and it also frequently occurs in the vegetable 

^ Lib. ii. tract, ii. cap. xl. ^ P. 4S0.' 

I Proceedinga of the Berlin Academy y 11 



SUCCINIC ACID. 


183 


kingdom. Its existence has been proved in the lettuce {Laduca 
sativa, and L. virosa), as well as in wormwood {ArtemMa. almv^ 
thium), and in the flowers of A. maritimaj and other worm- 
woods. It is also found in the poppy {Papaver munifentrn), in 
the celandine {CheUdoniurm majus), in Escholtzia califomica^ 
and probably also in other papavers. Its occurrence in unripe 
grapes,^ whilst dioxysuccinic acid or tartaWc acid is contained 
in the ripe fruit, is remarkable. Succinic acid is also found 
in the animal kingdom, frequently occurring in urine and 
in blood. It is also found in the sacs of echinococci (hydratids), 
in the thymoid gland of the calf, as well as in the spleen of 
the ox. 

584 Succinic acid is also a product of several kinds of fermen- 
tations. Beissenhirtz long ago stated that it is formed when a 
mixture of bread, honey, carob beans, vinegar, alcohol, and 
water is allowed to undergo the acetic fermentation.® The 
truth of this statement has since been frequently denied, but 
Dessaignes found that many organic acids in the presence of 
chalk and cheese undergo a fermentation in which succinic acid 
is formed.^ It likewise occurs in urine collected after eating 
plants containing compounds, such as asparagine, malic acid, &c. 

It is to Pasteur, however, that we owe the discovery that suc- 
cinic acid is an essential product of both alcoholic and acetic 
fermentations, and that it is contained in wine, beer, and vinegar. 

Succinic acid is also formed when nitric acid acts upon such 
bodies as the fatty acids containing four or more atoms of carbon. 
Butyric acid ^ yields, however, but little, and is chiefly oxidized 
to water and carbon dioxide. Caproic acid, on the other hand, 
gives a larger yield, acetic acid being formed at the same time, 
about half the theoretical quantity being obtained.® The higher 
fatty acids and the fats give homologues of succinic acid, and^ 
these then undergo further oxidation. Other derivatives of the 
paraffins and, indeed, these themselves,® are oxidized by nitric 
acid, with formation of succinic acid. 

Succinic acid was first synthetically prepared by Maxwell 
Simpson,^ from ethylene, by heating the bromide with potassium 
cyanide, when succinonitril, C2H4(CN)2, is produced, and this 
yields the acid when heated with a mineral acid or with caustic 

^ Brunner and Brandenburg, Ber^ Deutsch, Cham. Ge». ix. 982. 

® Berlm, Jdkrh, 1818, 168. * Ann. Chim. Phys* [3], xxv. 253. 

^ Dessaignes, Compt. Be/nd. xxx. 350, 

® Erlenmeyer, Sigel, and Belli, Ann, Chem, Pharm. clxxx. 207. 

® Schorlemmer,*^. cxlvii. 214. ^ Proe. Boy, Soe, x. 674. 
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potash* Oeuther ^ obtained it at the same time, and by a 
similar method, from ethylene chloride. It is singular that 
^ succinic acid can also be prepared when, instead of the latter com- 
. "pound, its isomeride ethidene chloride, CH 3 .CHCI 2 , is employed.* 
. In . this case, however, the formation of the nitril does not 
s Ijcciir until the temperature of 150® is reached, and hence we 
may assume that cMorethylene and hydrocyanic acid are first 
formed, and these unite in the nascent state to form chlor- 
ethylene cyanide, CHgCLCHg-CN, which is converted into 
succinonitril by the potassium cyanide. 

Noldecke obtained succinic acid by treating the product of 
the action of sodium on ethyl acetate with eth^l chloracetate, 
and decomposing the substance thus obtained by caustic soda. 
In accordance with the views which were then prevalent (see p. 
i 70), he believed that the chloracetate united with the hypothe- 
tical body sodacetic ether to form ethyl succinate which was 
then decomposed by caustic soda.® Later investigations have, 
however, shown that the ethyl ether of acetosuccinic acid is 
first produced, having the following constitution : 


CH3.CO.CH.CO2.O2H3 

CH2.CO2.C2H3. 


It is a faintly ethereal smelling liquid, which is converted by 
the action of strong alkalis into acetic acid, alcohol, and succinic 
acid. 

Succinic acid is also formed by heating / 8 -iodopropionic acid 
with potassium cyanide. The /3-cyanopropionic acid thus 
obtained is boiled with caustic potash.^ It is likewise formed, 
though with difficulty, and in smaller quantity, when bromacetic 
acid is heated with molecular silver.® 


OO.OH 

1 

CO.OH 

1 

CH2Br 

OH, 

+ 2Ag = 

i 

CBLBt 

1 

CEL 

1 

CO.OH 

CO.OH 


2 AgBr* 


^ Ann, Chem, Pharm, cxx. 268. 

® Simpson, ih, oxlv. 878 ; CompUs Rend, IxV. 851 ; Miililliausen and Krlen* 
meyer, w, o:dv. 865. ’ Ann, Chem Pharm, cxlix. 824. 

' TGisliter, Zeelsfdi, Chem, 1868, 449. ^ 

* SteinSr, Ber, DetUadh, Chem, Oee, vii. 184. 
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585 Succinic acid is prepared by the dry distillation of 
amber/ when, in addition to this body, amber-oil and amber- 
resin are obtained, the latter remaining in the retort. All 
these products find employment dn the arts (see Amber). The 
acid is found in the distillate, partly in the solid form, 
partly in aqueous solution. The distillate is warmed, filte^d . 
hot through a moist filter, and evaporated to crystallization. 
On cooling, a yellow-coloured crystalline mass is obtoined which 
cannot be perfectly freed from empyretimatic oil by recrystalli- 
zation. This, however, may be effected by boiling with nitric 
acid of specific gravity 1‘32. 

Succinic acid is also easily prepared by the ftrmentation of 
cmde calcium malate prepared from the berries of the mountain- 
ash (p. 198). According to Liebig, 4 parts of the malate arc 
mixed with 24 parts of water and 1 part of common yeast, ai;ic^ 
the mixture allowed to feiment in a tolerably warm place. 
Another process is to take only half the above quantity of 
water, to heat it, and to add rancid cheese to 1 part 

of calcium salt.^ According to Kohl, the yield depends upon 
the nature and quantity of the ferment, as well as on the temper- 
ature at which the fermentation takes place.® If this goes on 
too quickly, and if the temperature rise above 30®, either a 
small or no yield of succinic, acid is obtained, butyric acid and 
other products being formed. This is due to the presence of 
foreign ferments, for it has been shown by Fitz, that if small 
rod-like schizomycetes be added in place of yeast or decom- 
posing cheese, the theoretical yield of acetic and succinic 
acids is obtained.® 

Malic acid is oxysuccinic acid, and is decomposed by the 
Badllubs as follows : 

C.HA + H^O = + 2CO, + 

whilst the hydrogen which is liberated reduces another part 
of the malic acid to succinic acid ; 

+ H,0. 

Succinic acid may also be prepared by the fermentation of 
tartaric acid. The best yield (about 26 per cent, of the tartaric 
acid used) is obtained as follows. Absolution of 2 kg. of tartaric 
acid is neutralized with ammonia and diluted to 40 liters, and 

^ Ann, Chem, Fharm, Ixx. 104 and 868. 

* Arch, Pharm. cxxziy. 267 ; cxHii. 12. 

® ,Bor, Dewtaeh, Chem, Oca, zi. 1890 ; xii. 481. 
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20 grams of potassium phosphate, 10 grams of magnesium sul- 
phate, and a few grams of caldium chloride added. A small 
quantity of this liquid is diluted to five times its volume, and 
allowed to stand. After a few days this becomes turbid and 
swarms with bacteria, and about 20 cc. of it are added to the 
principal solution, and this kept at a temperature between 25 ** 
and 30 *^, air being excluded as much as possible. After six to 
eight weeks the tartaric acid has disappeared. The liquid is 
heated until the ammonium carbonate formed has all volatilized, 
clarified with white of egg, and boiled with milk of lime until 
no more ammonia is given off.^ 

The acid is obtained from the slightly soluble calcium salt by 
decomposing with sulphuric acid. It crystallizes in monoclinic 
tables or prisms, which have a faintly acid taste, are soluble in 
17 parts of water at 17 ®, and 0*83 part at 100°, and melt at 180 °. 
The fused acid begins to boil at 235 °, decomposing to a con- 
siderable extent into water and the anhydride. Succinic acid is 
a very stable body, being but slightly acted on by oxidizing agents 
even when heated. Its aqueous solution, when exposed to 
sunlight in presence of a uranic salt decomposes into propionic 
acid and carbon dioxide.^ When an aqueous solution of sodium 
succinate is electrolyzed, hydrogen is obtained at the negative-, 
and a mixture of carbon dioxide and ethylene at the positive- 
pole. Oxygen is also found mixed with the two latter gases, and 
as the operation proceeds, more and more of this gas is formed 
until at last it alone is evolved.® 

The Succinates. 

586 The normal salts of the alkali metals and of magnesium, 
manganese, and nickel are easily soluble in water, those of the 
other metals are almost all sparingly soluble or insoluble. Of 
these, which have been chiefly investigated by Ddpping,* 
Fehling,® and Handl,® the following may be mentioned : 

A^nmonium Succinate, C4H404(NHj2i can only be obtained in 
the pure state when its aqueous solution is evaporated in an 
atmosphere of ammonia. It is deposited in transparent six-sided 
prisms, which lose ammonia on exposure to air. It is employed 

^ Konig, Ber, Dmtach. Chem. Ges, zv. 172. 

^ Seekamp, Ann, Chem, Pkarm, cxzxiiL 253. 

^ Kekul^, ib, cxxxi. 79. See also Bourgoin, Ann, Chim, Phytt, [4], xiv. 157. 

^ Ann, Chem, Pharm, xlvii 253. ^ Jh, xlix. 158. 

^ Wien, Akad, Bw, luuii. 254. 
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in quantitative analysis for the separation of iron and man- 
ganese, and has been used medicinally. 

If a neutral solution of the salt be evaporated in the air, 
when a certain concentration is reached triclinic prisms are 
obtained, which consist of the acid ammonium succinate^ 
C^H.O.CNHJH. 

Galcmm Succinate, C4H404Ca, is a very cliaracteristic salt of 
succinic acid. If boiling solutions of sodium succinate and 
calcium chloride be mixed, fine needles of this salt quickly 
separate out, containing one molecule of water of crystallization, 
and if they are allowed to remain in contact with the liquid they 
take up two molecules more of water. This latter compound is 
also obtained when the above solutions are mixed in the cold. 
After some time, needles, which gradually become thicker and 
harder, are deposited. Calcium succinate occurs in the bark 
of the mulberry tree {Moriia alha) ; ^ it is slightly soluble in 
water and acetic acid, more readily in a solution of succinic 
acid, and very easily in nitric acid. From the latter solution 
the acid salt, (C4H404)2CaH2, is obtained on evaporation. This 
is also formed when calcium carbonate is treated with a warm 
solution of succinic acid. It crystallizes in transparent prisms 
and is decomposed by water and hot alcohol with formation of 
the normal salt. 

Barium Succinate, C4H404Ba, is less soluble than the calcium 
salt. It is a crystalline precipitate consisting of microscopic 
tables or prisms. It dissolves in about 250 parts of cold water 
and is not much more soluble in aqueous succinic acid, though 
it is tolerably soluble in acetic acid. 

Silver Succinate, C4H404Ag2, is a heavy white precipitate 
slightly soluble in water and acetic acid, but easily soluble in 
nitric acid and ammonia. 

Ferric Succinate, When ferric chloride is added to a solution 
of a succinate a gelatinous precipitate is obtained, which is at 
first yellow and becomes darker on standing. This consists of 
the basic salt, (C4H404)2Fe2(0H)2. After drying it forms a 
brick-red powder and when dried at 180° loses one molecule of 
water. The precipitate is somewhat soluble in cold water and 
almost insoluble in boiling water,* but dissolves in an excess of 
ferric chloride and easily in acids. At its formation free succinic 
acid is produced, and for this reason, when it is desired to preci- 

^ Goldschmidt, MoncUsh. Chem. iii. 136. 

*.S. Young, Joum. Chem, Soc, 1880, i. 674. 
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pitate it completely from its solution, an excess of ferric chloride 
must be added and the liquid neutralized by ammonia. This 
compound is easily decomposed by boiling with ammonia. 

If a solution of a succinate contains sodium acetate, ferric 
chloride produces a bright red precipitate, which can be easily 
washed by alcohol, but becomes gelatinous when brought in 
contact with water. 

Ammonia decomposes these precipitates. If the filtrate be 
then treated with barium chloride, and alcohol added, a crystal- 
line precipitate of barium succinate is obtained. These reactions 
are used for the detection of succinic acid and its separation 
from other acids. 


ETHEREAL SALTS OF SUCCINIC ACID. 

587 With the exception of the ethyl salts, the normal succi- 
nates are alone known. 

Methyl Siiccimte, €411404(0113)2, is obtained by passing 
hydrochloric acid gas into a warm solution of succinic acid in 
methyl alcohol. It is a crystalline mass melting at 20° and 
boiling at 198®, and yields a vapour having a specific gravity 
of 5-29. 

Acid Ethyl Succinate, or Ethyl Succinic Acid, 03114(00202115) 
OOgH, is formed by heating succinic anhydride with alcohol, 
and its barium salt is obtained when the normal ether is heated 
with the requisite quantity of baryta water. The free acid 
obtained from this is an easily soluble odourless syrup, which 
can be distilled without undergoing decomposition. 

Most of the ethyl succinates are soluble in water and alcohol. 
A few crystallize and others form amorphous masses.^ 

Normal Ethyl Succinate, 02H4(C02C2^6)2- body was 

first prepared in 1835, by Darcet, by distilling a mixture of 
concentrated hydrochloric acid, succinic acid and alcohol.® 

Oahours prepared this ether by passing hydrochloric acid gas 
into a solution of succinic anhydride in absolute alcohol,^ and 
Fehling obtained it by passing hydrochloric acid into 95 percent, 
alcohol containing succinic acid in solution and suspension.^ 

It is an oily mobile liquid having an aromatic smell and a 

^ Heintz, Pogg, Ann. cviii. 70. ? Ann, Chim, Phys. [2], Iviii. 291, 

3 Jb. [3], ix. 206. ^ Ann. Chem. Pharm. xlix. 186. 
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specific gravity of 1072. It boils at 217® (Kopp), and the 
specific gravity of its vapour is 6 ‘ 2 . 

As early as 1844 Fehling investigated the action of potassium 
on this ether, and obtained an oily liquid having the empirical 
formula, CgHgOg. This body when boiled with caustic potash 
yielded alcohol and succinic acid. Geuther suggested that this 
substance stands in the same relation to ethyl succinate as his 
ethyl diacetic acid docs to ethyl acetate, and the truth of the 
hypothesis was shown by Hermann,^ who proved this ethyl 
sxiccinyUsuccinate to have the following constitution : 

CH2.CO.CH.CO2.C2H5 

iH,.C0.tH.C02.C2H5. 

In order to prepare this body, potassium is gradually added to 
ethyl succinate, when a violent evolution of hydrogen occurs, and a 
reddish-brown gummy mass remains. This is then treated with 
2 to 3 times its volume of benzene and more potassium added 
until 1 part of the metal has been employed to every 6 parts of 
the ether. The product having been freed from benzene as 
completely as possible by means of the filter-pump, it is decom- 
posed with very dilute hydochloric acid, and the buttery mass 
thus obtained pressed between filter-paper, washed with cold 
alcohol, and recrystallized from hot alcohol, then again washed 
with water and crystallized from ether. 

Sodium acts similarly on ethyl succinate but less energetically 
and much more slowly than potassium, but may nevertheless be 
used for the preparation of the ether. ^ 

Ethyl succinyl-succinate forms triclinic tables or prisms, having 
a light green colour, and when dissolved in alcohol, ether, or 
benzene, gives a solution possessing a splendid blue fluorescence^ 
The crystals melt at 127®. Alcoholic potash produces in an alco- 
holic solution of this body, a white precipitate of the compound, 
C 12 H 15 KOQ, which yields with an excess of potash a splendid 
orange coloured compound, having the composition CjgHj^KjOg, 
the aqueous solution of which has a yellow colour. This solution 
easily decomposes, but when freshly prepared yields with mag- 
nesium salts a purple coloured precipitate of the composition 
OiEH^^MgOg -f- 2 H 2 O, a body which at 80“ loses water and be- 
comes yellow. The disodium compound, CigHi^NagOg + 

* Bcr, DextiUeh. Chmi,, Gea. viii. 1039 ; x. 107 and 646. 

^ lieirmann, Lieb. Ann. cexi. 306. 
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is deposited in fine red microscopic needles ; the calcium salt, 
CiaHjiCaOg + HgO, is obtained as a yellow precipitate. 

The yellow potash solution soon decomposes out of contact 
with the air, forming of the monethyl ether : 

CH 2 .CO.CH.COOH 

I I 

CH,.CO.CH.COOCaH6. 

This compound is very difficultly soluble in water and forms 
a greyish white powder, having a slight acid reaction. It melts 
at 98® forming carbon dioxide and the ethyl ether of succinyl 
propionic acid, which has the following composition ; 

CH2.CO.CH0 

I I ‘ 

CH2.C0.CH.C0.0.C2H5. 

This is an oily liquid having a bitter taste and giving a 
violet colour with ferric chloride. In presence of air, the 
alkaline solution undergoes other changes, and bodies belonging 
to the aromatic series are formed, such, for example, as hydro- 
quinone-dicarboxylic acid, CgH 2 ( 0 H) 2 (C 02 H) 2 . 

Acid Ethylene Succinate^ or Ethylene Succinic Add^ 

C2H4<^Qg^’^2H4-^®2H jg formed by heating ethylene glycol 

with succinic acid. It is a colourless liquid which at #300® loses 
water, forming ethylene succinate, C2H4(C02)2C2H4. This body 
is soluble in water and is deposited from hot alcohol in small 
crystals which melt at 90®.^ 

Ethyl Lacto~succi7iate,G^^<(^^^^^^Y[^QQ Q H 

when an alcoholic solution of potassium ethyl succinate is heated 
with ethyl a-chlorpropionate. It is an oily liquid, having at 0® 
a specific gravity of 1*1 19, and boiling at 280®. It is decom- 
posed by caustic potash into alcohol, succinic acid, and lactic 
acid.® 

Ethyl Sucdno-laclate, is formed 

by the action of succinyl chloride on ethyl lactate, and is an 
oily liquid which boils with slight decomposition at 300® 
--304®. 

' Lourenco, Ann, Chem, Pharm, cxv. S58. 

® Friedel aad Wurtz, Ann, Chim, Phya, [3], Ixiii. 120. 

* Wislicenus, Ann, Chem, Phrnn, cxxxiji. 262. 
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588 Sucdnyl Oxide, or Succinic Anhydride, (CH2.C0)20. It haa 
already been stated that succinic acid decomposes on distillation 
into this compound and water. The products, however, again 
partially unite on cooling. The addition of phosphorus pent- 
oxide prevents this reunion.^ It is also formed by heating the 
acid with phosphorus pentachloride in the proportion of equal 
molecules : ® 

CH 2 .CO.OH CHg-COx 

I +PCL= I 0 + 2HC1 + POCI 3 . 

CH2.CO.OH CH2.CO/ 

It is, however, most easily obtained by distilling equal mole- 
cules of succinic acid and succinyl chloride.® It crystallizes 
from hot alcohol in long needles, melting at 118 ® and boiling 
at 250 ®. 

Succinyl Chloride, C2H4(C0C1)2, is formed when succinic acid is 
heated with 2 molecules of phosphorus pentachloride (Gerhardt 
and Chiozza). It is a highly refracting liquid and possesses a 
penetrating odour. It boils at 190 ® with slight decomposition and 
solidifies at 0 ® to tabular crystals. Its specific gravity is 1 ’ 39 . 

By the action of zinc ethyl on succinyl chloride diethyl succinyl 
or diethyl ethylene ketone, C2H^(CO.C2H6)2, is produced. This is 
a liquid insoluble in water, which forms crystalline compounds 
with the sulphites of the alkaline metals and is decomposed by 
heat.* 


SULPHUR COMPOUNDS OP SUCCINVL. 

589 Thiomccinic Acid, C2H4(CO.SH)2. This substance is not 
known in the free state, but its potassium compound is formed- 
when phenyl succinate, a body which will be described under 
Benzene, is warmed with an alcoholic solution of potassium 
hydrosulphide : 

i Ca8o^: + 2HSK - O.H. { 88:11 + 2HO.C.H.. 

It is very soluble in water and crystallizes in white needles. 
Hydrochloric acid decomposes ijb with evolution of sulphuretted 

' Darcet, Ann, Chim, Phya. [2], Iviii. 282. 

^ Gerhaidt and Chiozza, Ann, Chem, Pkarm, Ixxxvii. 290. 

* Holler, Joum, PraM, Cham, [2], xxii. 193. 

* Wiachjn, Ann, Chem, Pharm, cxliii. 262. 
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hydrogen and formation of succinyl sulphide^ C2H^(CO)2S, a 
body crystallizing in a radiating crystalline mass, soluble in 
water and alcohol, having an acid reaction, and melting at 31^ 
Its solution gives precipitates with many metallic salts.^ 

SulpJiom-Su<kyinic Acid, C2H3(S03H)(C02H)2. This strong 
tribasic acid was obtained by Fehling ® by passing the vapour of 
sulphur trioxide over succinic acid. He termed it mccino- 
aulphurom cbdd, a name which was afterwards changed to mcdno- 
avlphwno mid. The product of the reaction is a brown tenacious 
mass. This is warmed for some time to 40® — 50® and then 
diluted with water, when on the addition of barium carbonate 
or white-lead the excess of sulphuric acid is removed, and the 
filtrate allowed to evaporate in a vacuum. The syrupy liquid 
which remains slowly deposits warty crystals, which contain 
2 molecules of water and absorb moisture from the air. 

By the action of succinyl choride on silver sulphate Carius 
and Kammerer obtained a compound which on decomposition 
with waller ' yielded succino-sulphuric acid, a compound which 
they believed to be isomeric with sul phono-succinic acid.® The 
two bodies are, however, doubtless identical. 


NITROGEN COMPOUNDS OP SUCCINYL. 

590 Succwumide, C2H4(CO.NH2)2, is formed when ethyl suc- 
cinate is shaken up in contact with aqueous or alcoholic am- 
monia. -Crystalline needles soon separate out. These are 
soluble at 19® in 220, and at 100® in 9 parts of water, and 
are almost insoluble in absolute alcohol and ether. This 
compound decomposes when melted.* 

Sucdnimide, C2H4(GO)2NH. This body was obtained by 
Darcet by the action of ammonia on succinic anhydride, and 
was termed sucinamide.^ Fehling found later on that it is also 
formed when ammonia is passed over fused succinic acid or when 
normal ammonium succinate or succinamide is heated to 200®, 
and he termed it bisuccinamide. It is also formed, together with 
platinum ammonium chloride, when an aqueous solution of succi- 
namide is heated with platinic chloride.® Its present name was 

* Weseli^y, Ber, DenUs(^. Chcm. ii. 518. 

> Ann. Chain, Pkarm, zxxviii. 286. * Ib. cxxxi. 167. 

^ Fehling, ib. xlix. 196. ® Ann, Chim, Phys. [2], Iviii. 294. 

• Ann. CAem. Pharm. xlix. 198. • 
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given to it by Laurent and Gerhardt who subjected it to further 
examination.^, It is tolerably soluble in water and crystallises in 
transpai*ent rhombohedrons or tables which contain one molecule 
of water and effloresce on exposure to air. At 100° it becomes 
anhydrous and then melts at 125° — 126°.^ When the anhydrous 
compound is dissolved in acetone and this allowed to evaporate* 
transparent rhombic pyramids are obtained which are permanent 
in the air.^ It boils without decomposition at 288°, but 
on heating with alcoholic ammonia it is converted into 
succinamide : 

CH2.CO, CHgCONH,. 

I >NH + NH3 = J 

CH^.CO'^ CH,.C0.NH2. 

Succinimide has an acid reaction and contains one hydrogen 
atom which can be replaced by certain metals. 

Siher. Sioccinimide, C2H^(CO)2NAg. Siver oxide is dissolved 
in aqueous succinimide solution and the hot filtrate" deposits 
colourless crystals having the composition 2C4H402NAg+H20 
and considered by Laurent and Gerhardt to be silver succinamate. 
They lose water at 100°. The anhydrous compound is also 
formed when ammonia and silver nitrate arc allowed to act on 
an alcoholic solution of the imide. It crystallizes in prisms and 
detonates on heating whilst the hydrated compound decomposes 
quietly. When added to a solution of iodine in absolute alcohol 
iodo-succinimide, C2H4(CO)2NI, is formed, a body crystallizing 
in hard quadratic prisms, efisily soluble in water, less so in 
alcohol, and decomposes readily in solution (Bunge). 

Mercu)*y Succinimide, [G2H4(CO)2N]2Hg, is formed by dissolv- 
ing mercuric oxide in hot aqueous succinimide. It is very 
soluble in water, somewhat less so in alcohol^, and crystallizes in 
long silky needles.^ 

f CO NH 

591 Succinamic Acid, C2H4 < CQ formed by the action 

of bases and water on succinimide.® In order to prepare it 
solutions of baryta and succinimide are warmed, when barium 
succinamate is deposited in '^hite silky needles. The acid, 
which is set free by sulphuric acid, is easily soluble in water, 

^ Compt. Mend. Chim. 1847, 291, 

* Erlenmoyer, Zeitsch. Chem, 1849, 174. 

® Bunge, Ann. Chem. Pharm, Suppl. vii. 117. 

^ Menschutkin, ih^ clzii. 165. 

® Teuchert, %b. cxxxi^ 136 ; Menschutkin, h)c. cit. 



194 


THE SUCCINYL COMPOUNDS. * 


crystallines in large rectangular t^les which have a pleai^t 
acid taste and decomposes at about 300'’ into succinimide 
water. Its salts as a rule crystallize well and their solutions 
decompose on boiling with formation of ammonia, a decom- 
position which occurs even in the cold when free alkalis 
are present. • 

^ formed by the action of silver 
succinimide c^i an ethereal solution of succinyl chloride : 




C,H 


/CO.N<gg^O,H, 


\C0.N<gg>C*H, 


+ 2AgCI. 




It crystallizes in small prisms or tables melting at 83'’ and is 
decomposed by water into succinic acid and succinimide.^ 

CgH^ I The potassium com- 

pound of this is obtained by the action of potassium cyanamide, 
N(CN)HK, on ethyl succinate and the sodium compound by 
heating ^succinyl chloride with sodium cyahamide. Silver nitrate 
produces a white precipitate of the silver compound, OaH^ 
(CONAg.CN) 2 , which yields the pure amide on decomposition 
with sulphuretted hydrogen. This is soluble in water and 
alcohol, and cr 3 ^stallizes in monoclinic prisms containing two 
molecules of water which they readily lose. The anhydrous 
compound melts at 104'’ — 105^ . ^ 

iStigeiTU^animicU, C 2 H^<(^qq^N.CN, is formed by the action 

of cyanamide on an ethereal solution of succinyl chloride. It 
deposits in large crystsds insoluble in cold water, which melt 
at 138^ with decomposition and when heated with cyanamide it 
combines "to form the foregoing compound. 

I Succincyamic ^etd, { formed when 

smmuic^aniinide is hea^d with water. In order to prepare it, 
stu^nic anhydidde is dissolved in a cold.aqueoua solption of 
cau^ic ^ta^ and of cyanamide.: ‘ 

* 00^ /H * . s . ^ /go.N<g^ 

C-H/ >0*1- + KOff - +H,0. 

> Qerhardt ai^ C!hi<»ai,v^>u>. CMm. xlvi. . 
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Tite potassium succmcyamate thus obtained is' soluble m water 
bisH not in alcohol, and it crystallizes in rhombic tables. It 
forms with silver nitrate a soluble silver compound, from which 
other succincyamates can be obtained by decomposition with 
soluble chlorides. If the silver salt be decomposed by sulphur- 
etted hydrogen the free acid is obtained. This compound 
is easily soluble in water and alcohol, possesses a sharp saline 
• .and acid taste and crystallizes in lancet-shaped needles or tables 
which melt at 128® and decompose at a higher temperature. 
Its aqueous solution decomposes easily into succinic acid and 
cyanamide or dicyanamide. Its salts also decompose in .a 
similar way, but less rapidly. . 

nitrate is added to a concentrated solution 
of the acid, oily drops separate out and these soon solidify 
to -small rhombic prisms of the acid silver succincyamate, 
/CO.N(CN)AgV 

59 a Siuxinonitril or Ethylene Cyanide^ is obtained 

by heating ethylene bromide with potassium cyanide and 
alcohol ® and is also formed in the electrolysis of cyanacetic acid 
(see p. 159). It forms a white amorphous mass, sqiuble in 
water and alcphol, melting at 54®’6 and may, under diminished 
pressure, be distilled without decomposition. When ^heated 
with caustic potash, hydrochloric acid, or nitric acid, it is 
converted into succinia aqid. 

fi-Cyanpropionic Acid, C 2 H 4 (CN)C 02 H, was obtained by von 
I^^ichter on boiling ^-iodopropionic acid with potassiup cyanide 
solution. He did not, however, obtain it in tfie pure state, 
and only noticed that the potassium salt thus obtained does 
not crystallize and that it is converted into potassium succinate 
on boiling with caustic potash.® , ... 

An acid of the same composkion wa^ obtaiited by <3ooper 
and Wanklyn by heating woollen yarn with an aik^nB , 3 oltttion 
of potassium permanganate. It is a 4 amorphous 'yellow ‘^dss 
which softens at 100 ® aiid at 140® becomes anhydrous, decom-' 
ppsing at a higher tempecati^. It is easily soluble in wat^ 
ahd alcohol,^ has a strongly « acid reaction and fbrihs amorp^us 
salts, most of which are .soluble in water but Hot in alcohol. 
When heated with caustic pots^ to 200 ®-* 220 ®, oxali<j acid and 

' MSller, Joum^ Praia. [2], |®3. ^ « 

* Maxwell Sixflpsoa, Froe, #74 ; NevoW ajid Tsclwniiak, Pull. Soc. 

Chim. [2], XXX. 108 aftd 161. , 
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ethylamine are obtained but no succinic acid. For this reiMn 
Cooper and Wanklyn termed it isocyanpropionic acid.^ Fuiflfer^ 
investigation is required in order to determine the constitutions 
of this body. 


SUBSTITUTION PRODUCTS OF SUCCINIC A<ilD; 

593 Monohromsuccinic Acid^ C2HgBr(C02H)2, was obtained 
by Kekul(5 by heating succinic acid with water and bromine.* 
According to Carius it is best obtained by hearting 6 grams of 
succinic acid, 2*5 cbc. of bromine and 40 cbc. water slowly: V> 120®.* 
It forms small colourless octohedral crystals or cruets wMdl 
melt at 159° — 160° undergoing loss of hydrobiomic a.cid. , is 
soluble in 5 parts of water at 15°. This compound is In^e 
readily obtained by the union of hydrobromiq aiaid 'vdth ftimaric 
or maleic acid (p. 210). , 

Dibromsuccinic Acid^ (OHBr)2(CO.OH)2, was^ .db^ined ^y 
Perkin and Duppa by heating equal volumes of suijcinyJ chloride 
and bromine at 120° — 130° and decomposing with water the 0 ^ 
bromsuccinyl chloride, C 2 H 2 Br 2 (COCl) 2 , thus produced.* Kekuld 
also prepared it by heating 12 grams of succinic acidx^vithll cc.^ 
of bromine and 12 cc, of water at 150° — 180®.* When ©he mole- 
cule Of ethyl succinate is heated with two molecules of bromine 
at 130® — 140° ethyl bromide is obtained together with a small 
quantity of succinic acid, a large quantity of mcmobroiusncciiiic • 
acid, and a somewhat smaller quantity of dibromsuccinic acid, 
which two latter may easily be separated by 
Dibromsuccinic acid forms large glistening crystalsn(liffieu]|tlj‘ 
soluble* in cold water, and decomposing at 200° with formaitjon', 
of hydrobromic acid, and brom-maleic acid. , • > > 

Other substitution products of succinic acid will be &li- 
sidered under fumaric and maleic acids. 


’ PM7. [6], vii. 356. 

* Ann. Chem. Phann, cxvii. 126 ; exxx. 21 j Suppl, i. 129. 

* Ann. Ch&m, Pharm. cxx. 6. 

* Quart. Jmvm Ohem. Soc. xiii. 102. 

^ Ann. Chem. Pharm. cxvii:120 ; Suppl. i. 851. See also Bourgoin, 
Chan. xix. 148. 

® Scliaclicrl, Ber. Deutsch, Chem, Ocs. xiv. 637. 
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594 iBomcdnic Add or Methyl Malonic Add, CH3.CH(C02H).2, 
was first obtained by H. Muller by heating the ethyl ether of 
a'^phlo^propionic acid with potassium cyanide and decomposing 
the product with caustic potash.^ He considered this to be 
common succinic acid, but Wichelhaus showed that it was an 
. isomcride.* It Avas then further examined by him and Eller,® 
by V. Richter,"* and by Byk.® In order to prepare it, one part 
^ of ethyl a-chlorpropionate is gently boiled with two parts of pure 
: pot^iu^ cyanide and four parts of water, until the ether is 
" di'^lve(b the whole neutralised with sulphuric acid and evap- 
Vdr|Ked : to (^ness. The residue is strongly acidified and ex- 
tr^ted wifli ether, and the cyanpropionic acid thus obtained 
boiled Cyanpropionic acid may be advantageously 

plb^red jlront ^larompropionic acid.® The product is again 
acidified^ extracted with ether, and then precipitated with lead 
iceta^, £fiare: being taken not to use an excess, as lead isosuc- 
cinate is soluble in the reagent, but only slightly so in acetic 
acidi . ThaVacid obtained from the lead salt forms colourless 
crystals, dissolving in five parts of cold water. When carefully 
heated below 100® between watch glasses it can be sublimed 
in microscopic tables. At a higher temperature decomposition 
.takes- place. It melts at 130® and decomposes, when more 
strongly heated, into carbon dioxide and propionic acid. The 
.salf^ ^iarOt Ifioajfiy crystallizable, are more soluble than those of 
lie 'heid, and are not precipitated by ferric chloride. 

Valduni Ismtcdnate, C 4 H^ 04 Ca-l-H 20 , is obtained as a ciystal- 
linu: precipitate formed at once in hot solution and gradually in 
0^1 by« mixing calcium chloride solution with a concentrated 
k of an alkaline isosuccinate. 

^SUvsf Isosticcmate, is a granular crystalline 

precipitate, whiph when shaken with a large quantity of water 
suddenly dissolves, separating out again, on standing for a few 
mini|tes, in thin needles.^ 

:* ■ 

Ann. Chm,. Pharm, cxxxi. 350. * Zeitaeh. Chem, [2], iii. 247. 

Ber, Dmtach. Chem. Oes. i. 98. ^ ZeiJtsch. Chem, 1868, 449. 

® Jwm. Prakt. Chem, [2], i. 19. 

* Bosield, Ber. DctUach. Chem, (7m. xiii. 209. ' Erestownikow, ib, x. 409. 
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Ethyl Isosucdnate, is formed according to 

Carstanjcn by heating ethyl formate and ethyl lactate "with 
phosphorus pentoxide 


CH. 

I 

CH.OH + HCO.OCjH, 

I 

C0.0C,H5 


CH. 

I 

CH.CO.OC2H6 + HjO. 
Lo.OCjHs 


It is also formed from ethyl malonate by a reaction which has 
already been described.® It is a liquid having a specific gravity 
of 1021 at 22® and boils at 196®.® 

MonobroTiiisosuccinic Acid. CH3CBr(C02H)2, is obtained by 
heating isosuccinic acid with bromine and water to 100®. It 
crystallizes in well-formed deliquescent prisms. 


OXYSUCCINIC ACIDS. 

^lAiJC Acid, C2H3(0H)(C02H)2. 

595 Geber supposed that the juice of sour pears contained an 
acid, or, as he termed it, aqua dissolutiva, and this liquid was 
employed in the sixteenth century as a solvent for iron. The pre- 
paration thus obtained is still described in certain pharmacopoeias 
as Exiractum martispoTuata or ferri pomata, a tincture prepared 
from this being also mentioned. Libavius, who refers to this in 
his Alchymia, also notices a juice from haccae ericae ha^ciferae 
{Mehlhehr vacant Germani)^ Succus evadU ruher et amdum 
qui sapit.” 

Donald Monro, in 1767,^ was the first to point out that the 
juice of apples yields a peculiar salt with soda, and Scheele, in 
1785, showed that gooseberries contain another acid in addition 
to citric acid, which is also present in large quantity in unripe 
apples, and hence he termed it malic acid (from malunC). He 
also showed that either the one or the other, or both these acids 
occur in many other plants, and its characteristic properties were 
afterwards more closely investigated by Vauquelin in 1800. In 
1807, however, both Bouillon-Lagrange and A. Vogel came to 
the conclusion that this acid is a mixture of acetic acid and 

^ Ber. Deutsch. Chem. Qea. ir. 808. ® Ziiblin, ib, xii. 1112. 

^ Conrad and Bischoff, Ann, Chem. Pharm, cciv. 202. 

^ Phil. Prana. 1767, p. 479. 
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extractive matter, but this was disproved by Vauquelin in 1817. 
Two years before Donovan proved that mountain-ash berries 
contained an acid to which he gave the name of sorUc acid, and 
Braconnot, in 1818, proved this substance to be malic acid. 
The exact composition of malic acid was, however, first ascer- 
tained by Liebig.^ 

Malic acid is widely distributed throughout the vegetable king- 
dom,® being found in a number of other fruits besides those which 
have been named. It frequently occurs together with oxalic, 
tartaric and citric acids, partly in the free state and partly 
combined with bases. It also occurs in various other parts of 
the vegetable kingdom. For example it is found in considerable 
quantity in the berries of berbery {Berheris vulgaris), quince, 
red- and white-currants, raspberries, blackberries, pine-apple, 
bananas, and sour- or morella-cherries, whilst sweet cherries 
contain acid potassium malate, a salt which is also contained in 
the leaves and stem of garden rhubarb {Rheum palmatum and 
R, uudulatum). Acid calcium malate is also found in many 
plants, the leaves of the house-leek {Sempervivum tectorum) 
being especially rich in it, as well as the leaf of the tobacco plant 
and the berries of Rhus Coriaria, and other species 5)f sumach. 

The best source of malic acid is the mountain-ash berries. 
They must be used when they begin to redden, as the ripe ones 
contain little or no malic acid. Milk of lime is added to the juice 
until the liquid has only a slightly acid reaction. The whole is 
then boiled for some hours, when the steam which comes off 
attacks the eyes from the presence of the vapour of sorbic acid. 
During the ebullition calcium malate separates out as a white 
sandy powder, which is then removed with a spoon. When no 
further precipitate forms, the liquid is allowed to cool and a further 
quantity of this salt is deposited. The precipitate is then Washed 
with cold water and thrown gradually into a warm mixture 
of nitric acid and ten parts of water so long as it dissolves, 
and the whole allowed to cool, when the acid calcium malate 
separates out. This is then purified by recrystallization from 
hot water, precipitated with lead acetate and the insoluble lead 
malate decomposed with sulphuretted hydrogen.® 

The stalks and leaves of garden rhubarb may also be employed 
for the preparation of malic acid, and may be treated as above.^ 

^ Ann. Pharm, v. 141. ® Gmelin, Handbook, x. 205. 

® Hagen, Ann. Chetn. Pharm. xxxviii. 257. 

^ Evciitt, Phil, Mag. [3], xxiiL 827. 
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The juice may also be clarified with isinglass and the filtrate 
allowed to evaporate to a thin syrup. After some days acid 
calcium malate separates out. and this may be purified by ro- 
crystallization and afterwards treated as above.^ 

The evaporated syrupy solution from the decomposition of 
the lead salt when allowed to stand in a warm place deposits 
malic acid in glistening four-sided needles, which frequently 
unite to form bushy or nodular masses. It is also sometimes 
deposited in cauliflower-like forms. 

Malic acid is very soluble in water, and deliquesces on exposure 
to moist air. It has a strong but pleasant acid taste, melts at 
about 100®, and decomposes at a higher temperature, when 
products arc formed which will be afterwards described. When 
treated with concentrated hydriodic acid it iS reduced to 
succinic acid : ^ 

C2H3(0H)(C0oH), + 2HI = -f up + 1. 


The Malaxes. 

596 Thes^ salts have been carefully investigated by Hagen.* 
The normal malates of the alkali metals arc easily soluble in water, 
but do not crystallize. The acid salts on the other hand crystal- 
lize well. The malates of the alkaline earths exist both in 
anhydrous forms and in forms containing water of crystallization, 
and it appears that the solubility increases with the quantity of 
water contained. The malates of aluminium, iron, manganese, 
&c., are not crystallizable, and their solutions are not precipitated 
by alkalis. Other heavy metals form difficultly soluble or in- 
soluble malates. The following are the most characteristic salts 
of this acid. 

Acid Ammonium Malate^ 04H505(NH4), dissolves in about 
three parts of cold water, and crystallizes in large rhombic 
prisms. 

Normal Calcium Malate, When a solution of 

malic acid is neutralized with lime and heated to the boiling 
point, the anhydrous salt separates out as a granular powder 
scarcely soluble in water. When the solution remains acid a 
similar precipitate is thrown down which contains one molecule of 

' ^ Winkler and Herbergor, Jrh, PraJcL Chem. ii. 201. 

^ Schmitt, Ann, Chem, Pharm, cxiv. 106 ; Dessaignes, exvii. 134. 

® Loc, cU, 
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water, and this is also formed when a solution of sodium malate 
is mixed with one of calcium chloride and allowed to stand. This 
salt is soluble in 147 parts of cold and 67 parts of boiling 
water, and does not deposit again on cooling. If the acid is 
neutralized with lime water and the solution allowed to evaporate 
in a vacuum easily soluble thin crystalline laminse are obtained, 
containing two molecules of water. These become anhydrous 
and insoluble at 180°. 

Acid Calcium MalaU, (C4Hg05)2Ca + SHgO. This occurs, as 
has been stated, in several plants, and may also be easily 
prepared by dissolving the normal salt in ac^ucous malic acid 
or in hot dilute nitric acid. It crystallizes in transparent 
glistening prisms having a pleasant acid taste. It dissolves 
in fifty parts of cold and more easily in hot water. When its 
solution is boiled the normal salt separates out, and when 
neutralized with ammonia and allowed to evaporate transparent 
brightly glistening, hard crystals arc deposited, having the 
composition C^H^OgCa -f SHgO, and these, when heated, lose 
water and assume a porcelain-like appearance. 

Normal Lead Malate, C^H^OgPb + SilgO. This is obtained as 
a flocculent precipitate which gradually becomes crystalline. 
When heated with a moderate amount of water it melts to 
a gum-like mass which is brittle wlien cold. The solution, 
however, deposits four-sided needles or tablets. It is only 
sliglitly soluble in dilute acetic acid, but dissolves more readily 
in solution of sugar of lead and in nitric acid. When a solution 
of a malate is thrown down with acetate of lead a precipitate 
of basic salt is obtained. 

Silver Malate is a white granular crystalline precipitate soluble 
in boiling water, and easily undergoes decomposition attended 
by blackening. 


Optical Isomerides of Malic Acid. 

597 The malic acid which occurs in nature is optically active, 
a dilute solution deviating the plane of polarization to the 
left. This gyratory power diminishes with the concentration 
until, when the solution contains thirty- four per cent., it be- 
comes inactive. A still further addition of the acid gives to 
the solution a dextro-rotatory power, so that one containing 
sixty per cenji. deviates the plane of polarization as much 
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to the right as one containing 8*4 per cent, does to the left. 
The sodium salts exhibit a similar property.^ 

When tartaric acid (dioxysuccinic acid) is treated with 
hydriodic acid it is reduced to malic acid, and this by a further 
action is converted into succinic acid. The malic acid thus 
obtained is, like the tartaric acid employed, dextro-rotatory 
at any rate in dilute solution.^ If instead of tartaric acid use 
be made of its isomcride, racemic acid, a compound of dextro- 
tartaric acid with laevro-rotatory acid which is optically inactive, 
an inactive malic acid is also produced, and this, like racemic 
acid, can be decomposed into two optically active acids.^ Another 
inactive malic acid which cannot be thus split up was obtained 
by Pasteur by the action of nitrogen trioxide on inactive aspartic 
acid (amidosuccinic acid), a body which will be afterwards 
described. This malic acid is distinguished from the common 
variety by being more easily crystallizable, by being non-deli- 
quescent, and melting at 133®.* Its salts are, however, very 
similar to those of the naturally occurring acid, but they may 
be distinguished from them inasmuch as the crystals of the 
latter exhibit hemihcdral faces. It is probable that the malic 
acid obtained by Kekul^ by heating bromsuccinic acid with 
silver oxide and water * is identical with Pasteur's acid as well 
as that which Strecker and Messel obtained by boiling sulpho- 
succinic acid with caustic potash.® Another inactive malic 
acid which appears to be different from these modifications is 
obtained from fumaric acid, C 4 H 4 O 4 , and will be described 
under this head. 


Ethers and Ethereal Salts of Malic Acid. 

598 N’ormal Ethyl Malate, C 2 H 3 (OH) (00302115)2. Thenard^ 
made the first experiments on the preparation of this . salt. He 
heated a mixture of eighteen parts of alcohol, fifteen parts of sul- 
phuric acid, and five of malic acid until ether began to be evolved, 
and then mixed the residue with water, when he obtained 
a yellow oily odourless liquid, which when heated decomposed. 
This substance requires further investigation.® According to 

^ Sehaeider, Awn,. Chem. Pharm. ccyIL 257. 

^ Bremer, Ber, DmUch, Chem. Gca. viii. 1594. 

* Bremer, ib. xili. 851. ♦ Ann. Chem. Pharm. Ixxxiv. 157. 

® Ih. cxvii. 125. ® ZeUaeh. Chem. 1870, 460. 

^ Mim. Soc. d^Aeeueil, ii. 12. ^ Gmelln, Org. Chepi, ii. 354. 
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Demond^sir this salt is obtained by saturating an alcoholic 
solution of malic acid with hydrochloric acid. The acid is then 
neutralized with carbonate of soda, and extracted with ether, 
and on evaporating ethyl malate remains behind.^ It is also 
formed \vhen silver malate is heated with ethyl iodide and ether. 
It is a slightly ethereal smelling liquid, soluble in water, and 
boiling under a diminished pressure of 15 mm. at 128® — 131®. 
When heated under the ordinary pressure it decomposes into 
water and ethyl fumarate. 

Acid Ethyl Malate, C2H3(0H)(C02C2H5)C02H. This com- 
pound, which is also known as ethyl malic acid, is formed in 
the preparation of the normal salt by the second method 
above described, and forms a calcium salt easily soluble in 
alcohol. 

Ethylomalic Acid, 03113(002115) (C02H)2, is isomeric with the 
foregoing compound, being distinguished from it inasmuch as 
it is dibasic. In order to prepare it, ethyl fumarate is gradually 
added to an alcoholic solution of sodium ethylate, the mixture 
allowed to stand, and then heated with water and caustic soda. 
The sodium salt thus obtained is then converted into the in- 
soluble and crystalline lead salt, and this decomposed by 
sulphuretted hydrogen. When the solution is evaporated a 
syrupy mass remains behind, which gradually deposits crystals 
which are apparently rhombic, and melt at 86®. The formation 
of this acid is explained by the following equation : 

C2H5.CO2.CH = CH.CO2.C2H5 + NaOCgHg = 
C2H5.C02.CH(0C2H5).CHNa.C02.C2H5. 

The compound thus obtained is then converted in the presence 
of water and caustic soda into sodium ethylomalate.* 

Triethyl Malate, C2H3(0C2H5)(C02C2H5)2, is formed when 
sodium is gradually added to an ethereal solution of the normal 
ether, and the product treated with ethyl iodide. It is a 
liquid which boils Under a diminished pressure of 15 mm. at 
118®— 120®.» 

Ethyl Nitroxyl Malate, C2H3(0N02)(C02C2H5)2, is obtained 
by dissolving the normal salt in a mixture of concentrated 
sulphuric and nitric acids. On precipitating with water, a 
slightly pungent-smelling, oily liquid is obtained, which de- 
composes on heating.^ 

’ Compt. Eend. xxxiii. 227. ® Purdie, Joum, Ckem. Soc, 1881, i. 344* 

* Andreoni, Deutsch, Chem. Ges. xiii. 1394. * Henry, ib. iii. 682. 
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Ethyl Acetomal(ite, CgHg(002H30)(C0202Hg)2, is formed by 
heating ethyl malate with acetyl chloride. It is a heavy, slightly 
ethereal smelling liquid, insoluble in water, boiling at 268®, and 
is decomposed by alkalis into alcohol, malic acid, and acetic 
acid.^ 


Amido-compounds of Malic Acid. 

599 Malamidc, C2H3(OH)(CO.NH2)2, is formed by the action 
of ammonia on an alcoholic solution of ethyl malate. It is 
soluble in water and crystallizes in quadratic prisms. 

f CO NH 

Malamic Add, C2H3(OH) -< known in the 

free state. Its ethyl salt separates out as a radiating crystalline 
mass when ethyl malate is saturated with ammonia and allowed 
to stand (Demonddsir). 

Asparagine, or Amidosuccinamic Add, C2H3(NH2) | qq qH^ 

This compound, isomeric with malamide, was discovered in 1805 
by Vauquelin and Robiquet in the juice of asparagus.® Bacon 
found a substance in the marsh-mallow root to which he gave 
the name of Althdinc, and Caventou found in the liquorice 
root a similar body, which he termed Agkloile. Plisson and 
Henry then showed that these bodies are identical with aspara- 
gine.^ The comj)osition of this body was first determined by 
Liebig.^ It occurs, very widely distributed, in the vegetable 
kingdom, being found in certain fruits, roots, and tubers, as in 
the dahlia tuber, and in chestnuts and potatoes, and in the 
roots of Bohinia psendacacia, in which it occurs in compara- 
tively large quantities. It is also found in the milky juice of 
the lettuce, and in the young shoots of vetches, peas, beans, and 
several other leguminous plants, the seeds of wliich do not con- 
tain any trace. The quantity diminishes as the growth of the 
plants proceeds, and disappears altogether as soon as the seeds 
are formed.® According to Boussingault, asparagine is a constant 
constituent of plants grown in the dark.® 

In order to prepare it from the young plants these are pressed, 
the juice heated to boiling, filtered and evaporated to a thin 

' Wislicenus, Arm, CJuem, Pharm, cxxix. 179. 

® Ann, Chim, Ivii. 88 ; Ixxii. 143. 

® Ann, Chim, Phys, [2], xxxv. 175 ; xxxvii. 81 ; xlv. 304. 

* Ann, Pharm, vii. 146. 

® Piria, CMm, Phys, [3], xxii. 160. 

® BuU, Soc, Chim, [2], it 297. 
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syrup. After standing for some time asparagine separates out, 
and this is then purified by filtration through animal charcoal 
and crystallization. It may be prepared easily from the root of 
Scorzonera hi^anicay by allowing this to undergo dialysis,^ and a 
similar process may also be adopted for its preparation from the 
mallow.2 

Asparagine crystallizes with one molecule of water in trans- 
parent rhombic prisms, which are permanent in the air, and 
have a specific gravity of 1*519. These crumble to powder with 
a crackling noise between the teeth ; they have a slight cooling, 
somewhat nauseating taste. Tliey are soluble in 82 parts of 
water at 10°, but are scarcely soluble in absolute alcohol. 

The aqueous solution possesses a slight laevro-rotatory power ; 
that in ammonia or caustic soda exerts a more powerful action, 
but a solution in mineral acids has a dextro-gyratory power. 
The effect of acetic acid upon this action is remarkable. If a 
small quantity be added to an aqueous solution of asparagine its 
lajvro-rotatory power is weakened, and at last disappears, a further 
addition of acetic acid producing a dextro-rotatory action.® 

Asparagine being an amido-acid combines with acids. It also 
forms metallic salts, and combines with salts to form compounds 
similar to those formed by glycocoll. 

Nitrous acid converts .asparagine into malic acid, and for this 
reason Piria assumed that this body st.ands in the same relation 
to this as oxamide does to oxalic acid. Kolbe, on the other 
hand, w.as the first to express the view that it is an amide of 
amido-succinic acid or aspartic acid,^ and Schjial proved this, 
inasmuch as he obtained it by the action of ammonia on the 
ethyl salt of the latter acid,® 

Pure asparagine does not undergo alteration in aqueous solu- 
tion. If, however, albuminoid bodies are present a fermentation 
soon sets in, and ammonium succinate is formed. This change 
occurs in its passage through the human organism. After eating 
asparagus the urine, as is well known, assumes a peculiar smell. 
The cause of this has not yet been ascertained, but on examina- 
tion it has been found that such urine contains ammonium 
succinate.® 

6oo Aspartic Add or Amidomccinic Acid, C 2 Hj 3 (NH 2 ) (COjjH)^. 

^ Gorup'Besauez, Ann, ChGin Pharrn, exxv. 291. 

Buchner, Zeitsch. Chem, 1862, 117. 

* Becker, Ber. J)eutsch, Ckem. Ges, xiv. 1028. 

* Ann. Oh&tn, Pharm. exxi. 232. 

® Ib, ijlvii. 24. ® Ililgcr, Ih. clxxi. 209. 
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was" obtained by Plisson by boiling asparagus with water and 
lead oxide until the evolution of ammonia ceased. Instead of 
lead oxide, other bases such as baryta,^ or caustic potash * may 
be used. Liebig, who first determined its composition, prepared 
it by boiling an aqueous solution of asparagine with caustic 
potash, the evaporated water being constantly renewed, until no 
further evolution of ammonia was observed. The solution was 
then neutralized with hydrochloric acid, evaporated to dryness, 
and the residue washed with cold water to remove potassium 
chloride. Aspartic acid is also found in beet-root juice after 
treatment with lime,^ as well as in the spent lees or vinasse, 
together with an homologous acid.* 

It is sparingly soluble in cold water, more readily soluble in 
boiling waller, and dissolves only with difficulty in alcohol. It 
is deposited either in small thin rhombic tables or in micro- 
scopic crystals. These have a slightly acid taste, leaving an 
after-taste like broth. Owing to the slight solubility its aqueous 
solution possesses only a weak Isevro-rotatory power, whilst 
its alkaline solution produces a more powerful rotation; its 
solution in acids, on the other hand, exhibits a strong dextro- 
rotatory action. With acetic acid it exhibits a behaviour 
corresponding to that of asparagine (Becker). 

An optically inactive aspartic acid was obtained by Pasteur ® 
from acid ammonium malate. If this body be moistened 
with ammonia and heated for some hours to 160 ° — 200 °, a 
resinous mass is formed, and this when washed with water 
leaves behind a reddish powder which possesses the composition 
C4H3NO2, and has been termed fumarimide. It probably 
possesses the following constitution : 


CO— N— CO 


CH 


k 


H, 




CH 


CO 


N— io. 


By boiling this with dilute hydrochloric acid it is converied 

^ Boutron-Chalard and Pelouze, Ann, Chim, Phys. [2], lii. 90. 

* Liebig, Ann. Pharm, xxvL 125 and 161. 

’ Scheibler, Jahreah, 1866, 399 ; Ch&tn, Centralb* 1869, 509. 

^ Ber, Beviach, Chem, ^ea. ii. 596. 

® Ann, Ohim, Phya, [3], xxxiv. 30, 
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into inactive aspartic aci^, which crystallizes in short hard moBo- 
clinic prisms, and is somewhat more soluble than the active acid. 
Its salts also exhibit a difFerence from those of the active acid 
both in solubility and crystalline form ; ^otherwise its chemical 
reactions resemble those of the ordinary acid.^ 

Aspartic acid has a slightly acid ^te and is dibasic. Its 
normal salts are, however, decomposed by carbon dioxide, and 
hence they were at one time believed to be basic salts, and the 
acid was considered to be monobasic, as, indeed, in the free state 
it really is, being an amido-acid : 

CO— O 

Jh— W3 



CO.OH. 

The only aspartates of the alkali metals which are known in 
the solid form are the acid salts. The acid salts of other metals 
are soluble in water ; some of the normal salts arc insoluble. 
The soluble aspartates have also a peculiar taste like broth. 
By heating the acid silver salt with ethyl iodide the monethyl 
salt is obtained ; this is a crystalline body, wliich on treatment 
with aqueous ammonia yields asparagine.^ 

Aspartic acid also forms compounds with other acids which ' 
are crystalline. 

Imidosuccinic Acid, <^^^^C2H3.C02H, is obtained together 

with tetramethylammonium iodide when a solution of asparagine 
in caustic potash is mixed with wood-spirit and methyl iodide, 
and the mixture allowed to stand. It crystallizes from hot wat^r 
in four-sided lamina). It is a monobasic acid, but as it is an 
imido-compound it yields a silver salt containing two atoms of 
metal.3 


60X Isomalic Add, 0H3C(0H)(C02H)2, was obtained by 
Schmoger by gently heating an aqueous solution of bromisosuc- 
cinic acid with fresldy precipitated silver oxide. This acid, which 
is easily soluble in water, can be obtained in the crystallized state, 

1 Ann, Chim, Phys, [3], xxii 160. 

® Schaal, Ann, Ch&m, Pharm. clvii. 24. v 
J Griess, Ber, Deutsch, Chem, Oes, xii. 211. * 
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'whereas its salts, with the exception bf the silver salt, cannot 
he obtained crystallized. It' decomposes at 100^ into carbon 
dioxide and lactic acid.^ 

An acid, which according to its mode of formation should be 
identical with the above, was prepared by Bdttinger in the 
following way. Pyroracemic acid is gradually added to finely 
powdered, well cooled potassium cyanide, and the product treated 
•with hydrochloric acid, when oxyethideric-succiTiainic acid is 
formed : 

OH, CH^ 

00 + HON = i(OH)CN 
io.OH (JO.OH. 


OH* 


C(OH)CN + H,0 
io.OH 


CHa 

i(OH)CO.NH, 

io.OH. 


This forms a strongly acid syrupy mass, which when heated 
with hydrochloric acid is converted into lactic acid, carbon 
dioxide, and sal-ammoniac, but when boiled with baryta water, 
oxyethidene-mccinic acid, or methyl tartronic acid is formed. 
. This is easily soluble, and crystallizes in rhombohedrons similar 
to those of calc-spar. When carefully heated it melts at 178® 
with violent evolution of caihon dioxide. It is distinguished 
from isomalic acid, inasmuch as it forms crystalline salts.^ 


FUMARIC ACID AND MALEIC ACID, 

6o2 Vauquelin^ as well as Braconnot^ noticed that when 
malic acid is subjected to dry distillation an acid aqueous liquid 
first comes over, and then a needle-shaped sublimate is formed. 
Lassaigne then showed that the aqueous solution contains a 
peculiar acid to which he gave the name of pyromalic acid, the 
sublimate being an acid differing from this.® These compounds 
were more accurately examined in 1834 by Pelouze, who gave to 

' J(mm, Prakt, Clumi, [2], xiv^. 77 ; xix. 168 ; xxiv. 38. 

* Ber, JktUach, Oiem. &<w:*xiv. 87 and 148. 

* Ann, Chim, Phys, [2], in. 337. ^ Ib, viii. 149. ® Jb, ix. 93. 
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the former the name of maleic acid and to the latter the name 
of paramaleic acid.^ 

Before this, Braconnot had prepared the so-called boletic acid 
from' several varieties of lichens^ and Pfaff afterwards found an 
acid in Iceland-moss to which be gave the name of lichenic 
acid, whilst Winkler obtained an acid from fumitory (Fumaria 
officinalis), which he termed fumaric acid. The identity of 
this latter acid with paramaleic acid was demonstrated by 
Demar^ay,^ whilst Schodler showed that lichenic is really the 
same acid.® Then Bolley * and Dessaignes ® proved that boletic 
acid is identical with fumaric acid, and this name is now gener- 
ally adopted instead of paramaleic acid. 

When malic acid is quickly distilled, water passes over first 
alone and then together with maleic acid, the residue solidifying 
after some time to crystalline fumaric acid. On slow distillation 
more of the latter substance is obtained, and when malic acj^ fcfc 
heated for some time to 140® to 150®, only fumaric acid is forrmSa, 
the maleic acid being also converted at this temperature into 
the isomeride. At higher temperatures, on the other hand, both 
acids decompose into water and maleic anhydride, which body 
easily combines with water to form maleic acid. Hence these 
two isomerides can easily be converted the one into the other. 


Fumaric Acid. 

603 Fumaric acid is somewhat widely distributed throughout 
the vegetable kingdom. It is found in a variety of lichens, 
and especially in Iceland moss, in truffles, and in the several 
species of fumaria, corydalis and glaucium. 

In addition to the reactions mentioned above it is also formed, 
according to Miihlhaiiser, when albuminoids are heated with 
aqua regia.® It is best obtained in the pure state by heating 
malic acid with a small quantity of water at 180® under pres- 
sure.’^ It requires for solution more than 200 times its weight 
of cold water. It dissolves more easily in hot water and also in 
alcohol and ether, crystallizing from these in prisms or scales. 
It fuses with difficulty on heating, and decomposes at about 200® 

^ Ann, Chim. Phys. [2], Ivi. 72. 

® lb, Ivi. 429. Awn, C%rw?.. Pha-nn, xvii. 148. ^ 

, ^ Ih, Ixxxvi. 44- ® C<mpL Ren^, xxxi. 432 ; xxxvii. 782. 

' • Ann, ChAm, Pharm, d. 176. ^ .lungfleiscli, P%dl, Soc. Chim, xxx. 147. 

VOL, HI. • 
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into water and maleic anhydride, whilst a portion sublimes in 
ueedlca It has a purely acid taste, is optically inactive, and is 
not attacked by concentrated nitric acid, even on boiling.; but 
is easily converted in presence of sodium amalgam and water 
into succinic acid. This same change takes place when it 
is treated with zinc in alkaline solution, or when it is heated 
with hydriodic acid.' When brought in contact with bromine 
and water it combines, gradually at the ordinary temperature but 
quickly at lOO'*, forming dibromsuccinic acid.^ Fuming hydro- 
bromic, acid does not combine with it in the cold but does so at 
100° when monobromsuccinic acid is formed.® When heated 
with a large excess of water to 150° it is transformed into 
inactive malic acid (Jungfleisch). This also takes place on 
heating fumaric acid for some time with caustic soda to 100^ 
Malic acid prepared in this way forms hard crystalline crusts 
consisting of microscopic prisms. It is less deliquescent than 
common malic acid, from which it is also distinguished by the 
properties of its salts. The main distinction between this and 
the other modifications of malic acid is that when heated it 
forms fumaric acid, but no maleic acid.^ 

If, on the other hand, fumaric acid be heated with much water 
at 150° to 200° an inactive malic acid is formed, which, like the 
body already described, splits up into maleic anhydride and 
fumaric acid wdien it is heated with Avater. By converting this 
latter into malic acid and repeating tlie above reaction, malic 
acid can be completely converted into maleic acid.® 

When either fumaric acid ® or maleic acid ^ is distilled with 
phosphorus pentachloridc fumaryl chloride, C 2 H 2 ('C 0 C 1 ) 2 , is 
obtained. This is a mobile liquid boiling at 100°, and uniting 
with bromine to form dihrmnsibccinyl chloride, C 2 H 2 Br 2 (COCl) 2 , 
a body which is also formed by heating succinyl chloride 
with bromine. 

A galvanic current passed through an alkaline solution of 
fumaric acid decomposes it into acetylene, carbon dioxide and 
hydrogen, which latter body reduces a portion of the acid to 
succinic acid^ 

^ Kekule, Ann» Chem, Pharm, Siippl. i. 129. 

® Eekul^ ; Fittig and Petri, iJ), cxcv. 66. 

* Fittig and Dom, ih, clxxxviii. 87. 

Linnemann and Loydl, Ann, Chem. Pharm. cxcii. 82. 

® Pictet, Ber. Deut^ch. Chem. Qes. xiv. 2648. 

* Kekuld, Ann. Chem. Pharm. Suppl. ii. 86. 

7 Perkin and Dnppa, ih. cxii. 24. 

® Keknld, Chem. Pharm. cxxxi. 84. • * 
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Fumaric acid is a powerful dibasic acid. Most of its salts are 
soluble in water, and ferric chloride produces in solutions of its 
normal salts a cinnamon-brown precipitate. The normal and 
acid fumarates of the alkali metals crystallize easily. Those of 
the alkaline-earth metals are not very soluble in water, and 
are obtained in crystals when hot concentrated solutions of the 
corresponding acetates are mixed with a solution of fumaric 
acid. 

Lead Famaratc, C4H204Pb+2H20, is slightly soluble in cold 
and more soluble in hot water and crystallizes in needles. 

Silver Fumarate, C^HgO^Agg, is so slightly soluble in water 
that the solution of the acid in 200,000 parts of water is 
rendered milky by silver nitrate. In more concentrated solu- 
tions it is obtained as an amorphous precipitate, which in the 
dry state deflagrates on heating, like gunpowder. 

Normal Ethyl Fumarate, 0411204(02115)2, was obtained by 
Hagen when endeavouring to prepare the corresponding salt 
of malic acid. For this purpose ho passed hydrochloric acid 
gas into a solution of malic acid in absolute alcohol and distilled 
the product. He then also prepared it in a similar way from 
fumaric acid.^ Perkin and Duppa obtained the same compound 
by acting with alcohol on the fumaryl chloride obtained from 
malic acid, and Henry prepared it by distilling ethyl malate 
with phosphorus pcntachloride.^ This salt is also formed 
when fumaric is heated to 120° with absolute alcohol, ^ as also 
by the action of ethyl iodide on silver fumarate.'^ It is a 
slightly smelling liquid boiling at 218°*5 and having a specific 
gravity at 17°'5 of 10522, that of its vapour being 5*92.® Ethyl 
fumarate unites readily with bromine to form ethyl dibromsuc- 
cinatc. It decomposes with ammonia forming fiimaramide, 
OgHgCCO.NTTg).^, a body forming glistening scales insoluble in 
cold water and alcohol. 

Acid Ethyl Fumarate, oxEthyl Fumaric A aW,C4H203(C2H5)0H, 
is formed together with the normal salt by the methods 
described by Hagen and Laubenheimer, It is deposited in 
laminae which possess a fatty feel, are difficultly soluble in cold 
water, and fuse when gently heated (Laubenheimer). 

Methyl Fumarate, C4H204(CH3)2, forms colourless crystals 

' Ann. Chem. PJmmi, xxxviii. 274. ® Ih. clvi. 177. 

* Laubenheimer, Ann, Chem. Pharm. clxiv. 294. 
f Anschutz, Ber, DevJUtch. Chem, Oee. xii. 2280. 

** llubner anA Schreiber, ZeUseh.,Chem. 1871, 712. 
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which are difficuldy soluble in cold but dissolve easily in hot 
water, and volatilize in a current of steam, producing a pleasant 
smell. It melts at 102 "* and boils at 192 '’ (Anschutz). 

Maleic Acid. 

604 This is not found ready formed in the vegetable king- 
dom. It was, however, formerly supposed to occur in Equisetum 
Jluviatilc; but afterwards the acid found in these plants was 
shown to be its polymeride aconitic acid, CgHgOg. Maleic acid 
crystallizes in rhombic prisms, is very easily soluble in water, 
and also dissolves in alcohol and ether. Its taste is sour at first, 
but soon excites an unpleasant sensation of nausea. It melts at 
about 130 °, and the liquid solidifies if kept for some time at 
this temperature, fumaric acid being formed, a change which 
also occurs when it is boiled with mineral acids. It behaves 
like fumaric acid with nascent hydrogen and hydriodic acid, and 
also yields the same products on electrolysis (Kekul6). It is 
distinguished from fumaric acid, inasmuch as it is attacked by 
fuming hydrobromic acid in the cold, being then converted into 
equal molecules of monobromsuccinic acid and fumaric acid 
(Fittig ‘and Dom). Its action with bromine is similar, inas- 
much as a part is converted into fumaric acid, some of which 
again unites with bromine to form dibromsuccinic acid. Another 
portion of the maleic acid, however, combines directly with 
bromine to form isodihrommccinic acid, C2H2Br2(C02H)2, a body 
easily soluble in water and crystallizing in scales melting at 
160 °, and decomposing into hydrobromic and isobrommaleic 
acids (Kekule ; Fittig and Petri). 

TJie Maleates, Most of the maleates are soluble in water and 
are not precipitated by ferric chloride. The normal maleates of 
the alkali metals crystallize with difficulty. The acid ones, which 
and less soluble, crystallize more readily. Those of the metals of 
the alkaline-earths are somewhat soluble in cold water, the most 
insoluble being harium maleate, 04H,04Ba+2H20, crystallizing 
in shining needles united in stellated groups. Maleic acid gives 
with baryta water a granular precipitate, which after some time 
is converted into crystalline scales (Lassaigne ; Pelouze). The 
acid salts are easily soluble and crystallizable. 

Lead Maleate, C^HgO^Pb+SHgO. Maleic acid gives a pre- 
cipitate with solution of sugar of lead, which soon changes into 
shining micaceous laminae. ^ 
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Normal Silver Maleate, C4H20^Ag2. forms a white amorphous 
precipitate which changes in a few hours to tolerably large trans- 
parent colourless crystals having an adamantine lustre. These 
detonate slightly on application of a gentle heat. 

Acid Silver Maleate^ C^HgO^Ag, is obtained in fine colourless 
needles on mixing not too dilute solutions of maleic acid and 
•nitrate of silver.^ 

Methyl Maleate, C4H204(CH^)2, is obtained by the action of 
methyl iodide on silver malcatc. It is a pleasantly smelling 
liquid boiling at 205 ^ 

Mhyl Mcdeate^ prepared in a^ similar way 

and boils at 225 °. 

When these ethereal salts arc heated with a small quantity 
of iodine they are converted into the corresponding salts of 
fumaric acid, and hence it is necessary in their preparation to 
employ the iodides in a perfectly pure state. Bromine vapour 
acts in the same way, and they combine with an excess of 
bromine to form salts of dibromsuccinic acid. 

605 Maleyl Oxide or Maleic Anhydride, C4H2O3, is best ob- 
tained as follows. Maleic acid is subjected to dry distillation 
until the residue solidifies ; the distillate is then evaporated to 
dryness and the crude maleic acid thus obtained, together with 
fumaric acid, is treated with acetyl cliloride i 

C4H4O4 + CgHgOCl = C4H2O3 + C2H3O.OH + HCl. 

The product is purified by recrystallization from chloroform 
(Anschutz). 

According to Perkin it is also easily formed when malic 
acid is treated with acetyl chloride and the whole distilled, when 
the excess of acetyl chloride first comes over and next the acetic 
acid which is formed in the reaction. It is also formed by the 
action of silver fumarate on fumaryl chloride.® It crystallizes 
in needle-shaped prisms melting at 53 ° and boiling at 202°. 
Its vapour has a specific gravity of 3 * 40 .^ It passes easily by 
absorption of water into maleic acid and combines with bromine 
to form isodihromsuccinic anhydride, C4H2Br203 (Kekule). 

In order to prepare this latter body, pure maleic anhydride 
is dissolved in anhydrous chloroform and heated with the 

^ Anschutz, Ber. Ikiitsch, Clmn, Ges, xii. 2280. 

* Oh£m, Soe, Joum. 1881, i. 669. See also Anschutz, Bcr, Dcutsch, Chem, Ges, 
xiv. 2791. 

* Hiibner and Sqhreiber, ZeiUch, Chenn, 1871, 712. 
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calculated quantity of bromine to 100°. After removing the 
chloroform, a yellow oil remains, and this after a time, deposits 
tabular crystals melting at 32°. This body absorbs moisture 
from the air with the greatest avidity, and on addition of 
water to it violent ebullition takes place, isodibromsuccinic acid 
being fonned and this is the best way of preparing this sub- 
stance in a pure state.^ 

Bronimaleic Acid, C4H3Br04, is formed by boiling dibrom- 
succinic acid with water. It forms large transparent crystals 
melting at 128°. By the action of water and sodium amalgam 
it is first converted into fumaric acid. 

Isohrommaleic Acid is obtained in the Siunc way from 
isodibromsuccinic acid. It crystallizes in large tablets melting at 
177° — 178° and behaving with sodium amalgam like the fore- 
going compound. Both acids yield on distillation hrommaleic 
anhydride^ C4HBr03. This is an oily liquid boiling at about 
21 2° and easily combining with water to form brommalcic acid. 
This latter compound combines quickly in the cold with fuming 
hydrobromic acid to form dibromsuccinic acid, and at the same 
time a portion is converted into isobrommaleic acid, whilst the 
latter combines with hydrobromic acid only slowly in the cold 
but quickly when heated, to form both the dibromsuccinic 
acids. This reaction shows that isobrommaleic acid is Ironi- 
fumaric acid (Fittig and Petri). 

This last substance combines only slowly, whilst brommaleic 
acid unites quickly, with bromine to form tribromsuccinic acid, 
C2HBr3(C02H)2, a body extremely soluble in water and crystal- 
lizing in short bushy needles, melting at 136° — 137° and being 
readily deliquescent. When heated with water it decomposes 
into carbon dioxide, hydrobromic acid and dibromacrylic acid, 
C2HBr2.C02H (Petri and Fittig). 

6o6 Constitution of Fumaric and Maleic Acids. After having 
shown that both these acids combine with hydrogen to form 
succinic acid, but that they yield two isomeric dibromsuccinic 
acids when they unite with bromine, Kekule discussed their 
probable constitution, and arrived at the conclusion that they 
are unsaturated compounds containing free combining units 
situated at different positions in the molecule, thus causing 
their isomerism.^ But we are now aware, as will be explained 
under tartaric acid, that dibromsuccinic acid possesses the 

^ Pictet, Bcr. Dcutsch, Chem, Ocs. xiii. 1660. 

Anri. Chem. Pharm, Suppl. ii. 111. 
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constitution CO2H.CHBr.CHBr.CO2H and hence the constitution 
of the two acids must be represented as follows : 


Fumario Acid. Maleic Acid. 

— CH.CO»H ZlGCOoH 

I I 

— CH.CO2H. CHj.COjH. 

Kekulo and Swarts afterwards supported the view that fumaric 
acid is a saturated compound, the two carbon atoms being 
connected by two combining units with one another, whilst in 
maleic acid the existence of free combining units must be 
assumed.^ 

In the same way Kekul 4 explained other cases of isomerism 
and assumed that carbon atoms which unite directly with 
hydrogen or with the elements of the chlorine group, &c., either 
contain carbon atoms doubly or trebly linked, or that they con- 
tain free combining units. 

The latter view was afterwards rejected by most chemists as 
the constitution of such compounds can be explained without 
this assumption. According to this, the constitution of the two 
acids will be as follows : 


Fumaric Acid. 

CH.CO,H 

II 

CH.CO2H. 


Maleic Acid. 

CH, 

II 

C(CO,H),. 


Many weighty reasons may, however, be cited against the 
above formula for maleic acid, especially the fact that these 
two acids are so readily convertible the one into the other. 
Besides, if maleic acid contain two carboxyls combined with one 
carbon atom it could not yield an anhydride on heating, but 
must, like isobutyric acid and similar acids, decompose into 
carbon dioxide and monobasic acrylic acid, and when it combines 
with hydrogen give rise to isosuccinic acid. 

Another hypothesis of considerable probability has been pro- 
pounded by Van*t Hoff. According to this, the isomerism 
cannot be explained by the ordinary graphical formulse because 
those represent the atoms as arranged in one plane instead of in 
space.* If we imagine the four combining units of a carbon atom 
forming the comers of a tetrahedron in whose centre the atom 


^ ZcUschrift, Chem, [S], iii. 654. 

® Lagenmg der Aio'im in "Bmime, 
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is situated/ we then obtain the following glyptic formula for 
succinic acid : 


jr 



In this no cases of isomerism can occur. If the atoms of 
hydrogen or the carboxyls which are combined with one of the 
carbon atoms are arranged in another way, we obtain the 
above figure again by turning the tetrahedron. If, however, 
two atoms of hydrogen be withdrawn from succinic acid the 
two following isomeric acids are possible ; 


Fuinaric Acid. 


Maleic Acid. 



Fittig, who, with his pupils, has investigated these acids very 
completely, comes, however, to the conclusion that maleic 
acid contains free combining units and gives the following 
formula : 

t'umaric Acid. Maleic Acid. 

CH.CO2H CH-.CO2H 

II I 

CH.CO 0 H. :=C.C02H. 

The varying reactions of bromine, hydrobromie acid, &c. , can 
thus be explained in a simple way, as well as the fact that 
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dibromsuccinic is converted into brommaleic acid by the 
separation of hydrobromic acid, whilst isodibromsuccinic acid 
on the other hand is converted into bromfumaric acid as is 
shown as follows : ^ 

Dibromsuccinic Acid. 

CHBr.COjH 

inBr.COaH. 

Brommaleic Acid. 

CHBr.COjH 

— i-COjK. 


DIOXYSUCCINIC ACID, OR TARTARIC ACID, 

CA(0H),(C0,H)2. 

. 607 The substance known under the name of cream of tartar, 
gradually deposited from grape-juice on standing, is the acid 
potassium salt of common tartaric acid. The existence of this 
subject was noticed by the Greeks, who termed it rpi/f, or 
wine-lees, and it was known to the Romans as facx vini, the 
latter people being acquainted with the mode of preparing an 
alkali from it by ignition. The alchemists of the eleventh 
century termed it tartarum, or afterwards tartarus^ an expres- 
sion derived from the Arabic tartir, a word which is used to 
designate not only the powder deposited by wine, but also that 
formed on the teeth. Tliis word " tartarus " was afterwards used 
in several senses. Paracelsus gave to it two distinct interpreta- 
tions ; in the first place he signified by this the cause of the 
diseases of the kidney and liver, gout or stone, in which sedi- 
ments or concretionary masses are deposited, in the same 
sort of way that tartar separates out from wine. In the 
second place, however, the term was applied to the pains produced 
by the disease, resembling the torments of the condemned in 
Tartarus. Geber gave to the juice of wine containing cream 
of tartar in solution the name, like other acids, of aqua 
dissolvem, or aqua dissolvata, and compared it in this respect to 
vinegar, and so for a long time cream of tartar was supposed 
to be a true acid. Thus in the Prussian Pharmacopoeia of 1781, 

* Ann, Chem. Pharm. clxxxviii. 95 ; cxcv. 56. 


Isodibromsuccinic Acid. 
CH2.CO2H 

iBr,.CO,H. 

Bromfumaric Acid. 

CH.CO.H 

II 

OBr.CO,H. 



21d 


THE OXYSUCCINIC ACIDS. 


purified cream of tartar was designated addum tartari. It 
was not believed that this salt itself contained the alkali, but 
rather that the alkali was produced in the act of burning, 
although Kunkel, in 1677, had shown that cream of tartar can 
be converted into an alkali by boiling it with lime, its earthy 
constituents being rendered insoluble. Similar observations 
were made by Duhamel and Grosse, in 1732, who believed that 
the potassium tartrate, formed at the same time, was tartrate of 
lime. Marggraf, in 1764, then showed that cream of tartar 
contains an alkali, but he did not determine what combines with 
the lime when the salt is boiled with this alkaline-earth. Scheele, 
in 1769, was the first to ascertain this point and to obtain tar- 
taric acid by decomposing its insoluble lime salt with sulphuric 
acid, and it is to him we owe the first satisfactory investiga- 
tion of this acid and its salts. The results of his experiments 
were communicated to Bergman in order that he might lay 
them before the Stockholm Academy. Tins, however, through 
carelessness he failed to do, and in consocpience Scheele wrote 
the Memoir again, banding it over to the secretary of the 
Academy, Eetzius. At his request it was then printed, in 1770, 
but it was so edited that much of the credit of the researcli 
apparently belonged to Retzius.^ This was Scheele's first 
scientific paper, and, owing to the part Bergman took in this 
matter, Scheele for sonic time declined to make his acquaintance. 
This feeling, however, soon gave place to more amicable relations, 
and eventually they became fast friends. Soon after Scheele’s 
discovery, tartaric acid was manufactured on a large scale. 

Professor John of Berlin described in his Dictionary of 
Chemistry, published in 1819, a new ‘‘Saure aus den Voghesen,” 
which came into commerce as oxalic acid, and which he at first 
believed to be a mixture of oxalic and tartaric acids, but after- 
wards found that it consisted of a single acid closely resembling, 
and yet distinctly different from tartaric acid. When on a 
subsequent occasion Gay-Lussac passed through Thann in the 
Voges, ho obtained some of this acid from the manufacturer 
Kestner,this having been obtained in the years 1822 — 1824 as a 
by-product in the preparation of tartaric acid. In 1826 on his 
return to Paris Gay-Lussac investigated this, and found that it 
was a peculiar substance, its stochiometrical number agreeing 
however within a few thousandths with that of tartaric acid.” ^ 

^ Abh, Schwed, Akad, WiasenscK 1770, 207 ; Crcll, Chein, Jourfk. ii. 179. 

^ Schweigg, Joum, xlviii. 381. • 
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At the same time Walchner oceupied himself with the investi- 
gation of the same body,^ .to which Gmelin, in 1829, gave the 
name of racemic acid (Traubensaiire), and soon afterwards 
Berzelius showed that it possesses the same composition as 
tartaric acid, and this was the first instance of the introduction 
of the idea of isomerism into the science.^ Biot then showed 
that tartaric acid and racemic acid act optically differently, for 
whilst the aqueous solution of the first rotates the plane of 
polarized light to the right, the latter is altogether inactive.* 
This was shown by Pasteur to be due to the fact that racemic 
acid is a compound of equal molecules of common tartaric acid 
and another acid which deviates the plane of polarized light as 
much to the left as the first one does to the right.^ Ho also 
showed that another inactive tartaric acid exists which is dis- 
tinguished from racemic acid, inasmuch as it cannot be decom- 
posed into two optically active modifications, and he, as well as 
other chemists, further proved that the various tartaric acids 
may be converted the one into the other. This matter will be 
further discussed hereafter. 

The modifications of tartaric acid are also formed in the oxida- 
tion, by nitric acid,oT various kinds of sugars and other carbo- 
hydrates {see Sugars). 

608 Synthetical Production of Tartaric Acid, Tartaric acid 
may be obtained synthetically by several processes. (1) When 
the silver salt of dibrom succinic acid is boiled with water the 
following reaction takes place : 

CO^g CO2H 


CHBr CH.OII 

I + 2H,0 = I 4 - 2AgBr. 

CHBr CH.OH 


io^Ag io,ii 

Instead of the above reaction the calcium salt may be 
boiled with lime-water.® 

The acid obtained from dibromsuccitiic acid is a mixture of 
racemic acid and inactive tartaric acid or mesotartaric acid.® 

^ Schweigg, Journ, xlix. 238, ® Pogg, Ann, xix. 319. . 

* Ann, Chim, Phys, [2], Ixix. 27. 

* Ih, [2], xxiv. 442 ; xxviii. 66 ; Comptes Rendus^ xxxvi. 26 ; xxxvil. 162 ; 
see also Pog, Ann, Ixxx. 127 ; xc. 498, 504. 

® Kekiild, Ann, Chem. Phann, cxvii. 124; SumJ. i. 375 ; Perkin and Duppa, 
ih. cxvii. 130. 

* Pastear, Ib, Siippl. ii. 242 ; Jungfleisch, Bull, Soc, Chim. [2], xix. 198. 
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Conversely tartaric acid when treated with hydriodic acid is 
converted into the corresponding modification of malic acid, and 
afterwards reduced to succinic acid. 

(2) An acid is obtained very similar to racemic acid by boiling 
oxalaldehyde (glyoxal) with hydrocyanic acid and hydrochloric 
acid/ but this acid is not capable of being decomposed into 
dextro- and laevro-rotatory acid.* Its mode of formation is 
similar to that of lactic acid from aldehyde, and is represented 
thus : 

CO.OH 


COH 

ioH 


CH.OH 

+ 2CNH + 2HC1 + 4H,0 = I + 2NH.CL 

CH.OH 

(So.OH 


(3) It has already been stated that an acid probably identical 
with the foregoing is formed together with gly collie acid, when 
an alcoholic solution of ethyl oxalate is treated with sodium 
amalgam.® In this way ethyl glyoxylate is doubtless formed to 
begin with : 

CO.OC0H5 coil 

i . + = I H- HO.C2H5. 

CO.OC2H, CO.OCJTfi 

A part of this then combines with hydrogen to form ethyl 
glycolate, but another part taking up only one atom of hydrogen 
forms the unsaturated molecule, CH(OH)CO.OC 2 H 5 , two of 
which combine together to form ethyl tartrate. This reaction 
is of great importance as carbon dioxide is easily converted 
into oxalic acid, and this in a simple way into glycollic and 
tartaric acids, these two latter occurring together in plants, 
as for example in the turnip, grape, and in the leaves of the 
Virginian creeper. 


^ Strecker, ZeUseh, Chem, 1868, 216. 

^ Stadel, Btr, DetUsch, Chem. Ou, xi. 1752. 
* Debus, Joum, Chem, Soe, xxy. 865. 
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COMMON, OR DEXTRO-ROTATORY, TARTARIC 

ACID. 

• 

609 This acid is widely distributed in the vegetable kingdom, 
occurring in the free state or in the form of a salt, especially as 
acid potassium tartrate, in various fruits, frequently together 
with malic acid. It is found in the berries of the mountain-ash, 
the berries of the sumachs, in tamarinds, in mulberries, pine 
apples, &c. It also occurs in the sap of the vine, ai\d in large 
quantities in the juice of the grape. Wine produced from the 
latter source gradually deposits crude argol in crystalline crusts, 
and this consists chiefly of acid potassium tartrate, but also 
contains calcium tartrate and the corresponding salts of the 
isomeride, racemic acid. Its presence has also been detected in 
potatoes, cucumbers, clielidoniunb majus, quassia, Iceland-moss, 
black-pepper, madder-root, &c. 

Argol is always used for the preparation of tartaric acid, the 
method being almost exactly that originally proposed by Scheele, 
but more accurately described by Klaproth.^ Kespecting the 
manufacture Wurtz gives the following particulars.® 

From 500 to 700 kilograms of crude argol are brought into 
a large vat nearly filled up with water and the whole heated 
with steam to the boiling point, and then chalk powder 
added until almost neutral. The calcium tartrate is then 
filtered off, and the solution precipitated with calcium chloride. 
Gypsum may also be employed instead of chalk ; it of course 
acts more slowly, but decomposes the potassium tartrate 
after lapse of a few hours. Calcium tartrate prepared ac- 
cording to one of these processes is then washed with water 
and decomposed by an excess of sulphuric acid, the whole being 
heated by steam up to 75®. The solution is concentrated in 
leaden pans and allowed to cool, when the crystals separate out, 
and these are dried in a centrifugal machine. Fresh crops are 
obtained on concentrating the mother-liquor, until it becomes 
too impure, when it is worked up again as raw material. 
In order to purify the cnide acid it is dissolved in warm water 
and decolourized by addition of animal charcoal, the whole 

* Dias, dc sale essentiaU tartari, G6Uingent 1 779 . 

* Chem, Ceiklralb, 1871 , 713 ; Ber, £ntw, Chem, Ind, ii. 418 . 
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filtered, a small quantity of sulphuric acid added, and the 
solution concentrated to the point of ciystallization. Wooden 
vessels are used, generally covered with a lining of lead. The 
addition of sulphuric acid improves the form and size of the 
crystals as required for market. The crystals always contain 
small quantities of lead and sulphuric acid. For pharmaceutical 
purposes they are purified by recrystallization from hot water. 

Another raw material employed for the preparation of tartaric 
acid is the wine-lees left behind in the distillation of brandy. 
This is heated with dilute hydrochloric acid, allowed to deposit, 
the clear liquid poured off, and the whole neutralized with lime, 
when calcium tartrate falls down and is worked up in the way 
above described. 

6io Properties, Tartaric acid crystallizes in large transparent 
monoclinic prisms, having a specific gravity of 1*764. These, 
like sugar, become luminous when rubbed in the dark, and 
they possess a strong purely acid taste. 100 parts of water 
at 15° dissolve 138 parts of the acid, and it is still more soluble 
in hot water. It is also readily soluble in alcohol; 100 parts 
of absolute alcohol at 15° dissolve 20*385 parts of the acid, 
whilst dilute alcohol dissolves it the more readily the weaker it 
is. On the other hand it is only slightly soluble in ether, 100' 
parte of the liquid dissolving at 15° only 0*393 part.^ 

It has already been stated that aqueous solutions of tartmc 
acid deviate the ray of polarized light to the right. Mineral 
acids diminish this rotatory power, and its solutions in wood- 
spirit, alcohol, and acetone, exert only A weak dextro-action, 
whilst a solution in anhydrous ether or acetone is slightly 
laevo-gyratory 2 

Tartaric acid melts at 135°, first passing into its isomerido 
jnetatartaric acid, and this when more strongly hei^e^. yields 
with loss of water an anhydride-like compound. ^ bodies 

,jiwill be afterwards described. When tartario^|(pidr is subjected 
to dry distillation, acetic acid, pyroracemic pyro- 

tartaric acid, CgJIgO^, and pyrotritartaric add^ are 

fprmed. In addition to, these, carbon mono:fnde^ carbon d^^i(^^ 
c^ehyde^ formic acid, acetone, &C., ^e formedi^van^ al^ in very 
• small qylB^ntity dipi/rotetracetone CgH^Og, an arodiatic smelling 
liquid which boils at 230°.3 

' Bourgoin, Bull. Soc. Chim. [2], xxix. 244. 

3 Landolt, Ber, DeiUsch, Ctiem. Qes. xiii. 2329. 

■ Bourgoin, Bull. Soc, Chim. [2], xxix. 309. 
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When tartaric acid is treated with phosphorus pentachloride 
cMornudeyl chlotide is formed : 

0H2(0H)2(00.0H)2 + 4PCl5=C2HCl(COCl)2 + 4POCI3+ 6HCI. 

This is a heavy oily liquid decomposed by water into chlor- 
maleic acid, C2HC1(C02H)2, a body crystallizing in easily soluble 
needles.^ 

Most oxidizing agents convert tartaric acid into formic acid. 
Thus if 5 parts of the well-dried acid be triturated with 16 parts 
of lead dioxide the mass becomes incandescent, and carbon dioxide 
is evolved, having a smell of formic acid.^ When tartaric acid 
is boiled with potash or ammonia and silver oxide, thb latter , is 
reduced, with formation of carbon dioxide and oxalic acid.^ In 
dilute solution it also reduces the chlorides of gold and platinum 
and precipitates calomel from solutions of corrosive sublimate. 

If tartaric acid be fused with caustic potash, acetic and oxalic 
acids are formed, and when electrolyzed it yields hydrogen, 
carbon dioxide, and acetic acid.^ 

Tartaric acid is used in medicine, in the processes of dyeing 
find calico printing) in photography, &c. 


- . : THE TARTRATES. 

. : _ 611 Tartaric acid is a strong dibasic acid and therefore forms 

■ V a large number of sails, which have been very carefully inves- 

tigated.® Besides the acid and normal salts containing the 
same metal, many are known containing two different mei«als, and 
also a few so-caJled basic salts in which the hydrogen of the 
filcoholic hydroxyls are also replaced by metals. Tartaric acid' 
also for||p vi(b '^timony and other triad elements, a class 
of pepuUar«W|j|pounds whose constitution will bo discussed^ 

■ hereafty,^ tar^ are, like tartaric acid itself, dextro- 
rotatory;. 

a&d Mag. [4],'xvii. 280. ' 

* 6dd; Vbum. PraJet, Chem, viii. 477 (or 497). 

* Erdmatin, Anit, Piarm. xxi. 14 ; Claus, Per. Deutach. Chym, Oea. viii. 950. 

* Kekul4, Ann. (Jkhn. Phirm. cxxxi. 88 ; Bourgoiu, Bull. Soc. Chim. [2], xi, 
405. 

* Bulk, Ank. Ptuirm. ii. 39 ; Berzelius, ih. xxx. 88 ; xxxi. 28 ; Knapp, xxxii. 
76; Werther, i5. lii. 508; Dumas and Piria, Ann. Chim. Phya. [3], v. 85 
PeligOt, Ann. Chim. Phya. [3], xii. 562 ; do la Provastaye, Ann. Chim. Phya. [3], 
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Norntal Potassium Tartrate, has been 

known since the sixteenth century, and was formerly termed 
samech Paracehi, but afterwards when obtained by neutanlizing 
cream of tartar with salt of tartar (carbonate of potash), it was 
termed tartarus tartarisatus, or tartarus solvhUis, It was like- 
wise prepared by neutralizing cream of tartar witU lime, which 
was thought to remain in combination with the tartar, until the 
researches of Karggraf and Eoulle proved, in 1770, that the 
salt obtained by this method also contains no base but potash. 
It forms monoclinic prisms easily soluble in water, and is used in 
medicine. 

Acid Pdtassium Tartrate, C4H40gKH, is deposited, in the pro- 
cess of fermenting wine, in crystalline crusts containing colour- 
ing matter and calcium tartrate, and is known in commerce as 
argol. 

In order to purify the crude tartar it is dissolved in hot water, 
and the filtered solution allowed to cool. The deposited crystals, 
which are still coloured, are again dissolved in hot water and 
recrystallized, some clay or white-of-egg being added in order to 
absorb the colouring matter. A small quantity of carbonate 
of potash is also introduced in order to decompose any calcium 
tartrate which may be present. This latter salt, which fre- 
quently occurs in purified cream of tartar, is best removed by 
heating it with diluted hydrochloric acid and washing with 
water. 

The crude tartar may also be dissolved by carbonate of soda, 
filtered and precipitated with hydrochloric acid. 

Pure cream of tartar forms hard rhombic crystals, having a 
pleasant sour taste, and being soluble at the ordinary temperature 
in about 200 parts of cold, and in 15 parts of hot water. It is 
still less soluble in dilute alcohol, for which reason it is deposited 
in the fermentation of wine. It is used for the preparation of 
pure potassium carbonate, in soldering silver, in the processes 
of tinning and silvering, in dyeing, and for medical purposes, &c. 

6i2 Normal Sodium Tartrcute, C4H40gNa2 + 2H2O, crystallizes 
in needles or rhombic prisms, easily soluble in water. The add 
salt crystallizes with one molecule of water, also in the rhombic 
system. It is much more soluble in water than the corresponding 
potassium salt. 

Potassium Sodium Tartrate, C4H40gKNa+4H20, was dis- 
<!bvered in 1672 by Seignette, an apothecary in Bochelle, and 
termed after him Seignette’s salt (sal polychrestum Seignetti), or 
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Rochelle salt. The mode of preparation of this salt, which was 
esteemed as a very valuable medicine, was kept a secret until 
probably the same chance by which Seignette discovered it made 
it known to others. This consisted in the use of soda in the 
place of some of the potash, the differences between the two 
alkalis not being then recognised. Boulduc obtained the salt 
in 1731* and in the same year Geoffroy communicated the 
proofs of manufacture to the Royal Society.^ 

In order to prepare it, a boiling solution of carbonate of soda 
is neutralized with cream of tartar, and the concentrated solution 
allowed to cool. The salt crystallizes in large rhombic prisms 
which dissolve readily in water. It is used as a mild aperient 
and also for silvering glass (Vol. II., Part I., p. 364), 

Normal Lithium Tartrate forms an easily soluble uncrystal- 
lizable mass. The acid salt, C 4 H 40 (,LiH + H^O, deposits in 
small rhombic crystals which easily dissolve in water. 

The Tartrates of Rubidium and Cmsium, The acid salts of 
these metals resemble the potassium salt, but are more easily 
soluble, especially that of caesium, the normal salt of which is 
deliquescent. Upon these ‘ properties Bunsen has founded a 
method for separating these two metals (Vol. II., Part I., p. 172). 

613 Calcium Tartrate, C^H^O^Ca + 4 H 2 O, is found in the vege- 
table kingdom, as in grapes and senna leaves. It forms rhombic 
pyramids or prisms, and is obtained as a crystalline precipitate 
when a solution of a normal tartrate is mixed with one of calcium 
chloride. The hydrated salt dissolves in 6,265 parts of water 
at 15®, and in 352 parts at 100 ®. The tartrates of the alkali 
metals dissolve it with formation of double salts. It is soluble 
in ammoniacal salts and in alkalis. Boiled in alkaline solution 
it separates out as a jelly. 

Acid Calcium Tartrate, (C 4 H 50 g) 2 Ca, occurs according to John- 
in the fruit of the Rhus typhinum, and is formed when the 
freshly prepared normal salt is dissolved in a hot solution of 
tartaric acid. It forms rhombic crystals dissolving at 15° in 
140 parts of water. 

Normal Barium Tartrate, C 4 H 40 QBa -f H^O, is obtained as an 
amorphous precipitate which soon becomes crystalline. It is 
somewhat more soluble in w'ater than the calcium salt, whilst 
strontium tartrate, C 4 lI^OoSr + 4 H 2 O, is still more soluble, and 
crystallizes in rhombic tables. 

Lead Tartrate, C 4 H^OQPb, is precipitated by tartaric acid from 
^ Phil, Trana, abridged vol. ix. 393. 


VOL. III. 
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a soluble lead salt as a crystalline powder. It is scarcely soluble 
in water but dissolves readily in tartaric acid, alkalis, and 
ammonium salts. When its ammoniacal solution is boiled a 
crystalline precipitate of C2H2(02Pb)(C02)2Pb + H20 is fotmed, 
insoluble in water, acetic acid, and ammonium salts, but 
dissolving in caustic potash. 

Copper Tartrate, C4H40gCu+3H20, is formed by precipitating 
copper sulphate with a normal tartrate. It is a greenish-blue 
crystalline powder dissolving slightly in cold, but more readily in 
hot water, and readily in tartaric acid. It dissolves in alkalis 
with a deep blue colour. Hence copper salts are not precipitated 
in presence of tartaric acid by caustic potash, &c., each molecule 
of acid being able to hold in solution one atom of copper,^ 
this being due to the formation of the salt, (CH0)jCu(C02K)2. 

Silver Tartrate, is obtained as a curdy precipitate 

by precipitating silver nitrate with Rochelle salt. If warm 
solutions are used it separates out in glistening scales. It soon 
blackens on exposure to light, and is partially decomposed by 
boiling water, and completely decomposed in the presence of 
ammonia with separation of silver. 

The Tartrates of Iron, Ferrous tartrate, C^H^O^Fe, is obtained 
by continuously boiling together tartaric acid, iron filings, and 
water. It is a white crystalline powder which is scarcely soluble 
even in boiling water. Potassium ferrous tartrate is the chief 
constituent of Tartarns chalyheatus s. ferratus, the preparation 
of which was described by Angelus Sala in the seventeenth 
century in his Tartarologia, This salt, which is used for baths, 
is prepared by taking 1 part of iron filings and 5 parts of com- 
mercial cream of tartar, boiling these with water to a paste, and 
allowing the whole to stand until a homogeneous black mass is 
formed, which is then dried. 

Ferric tartrate is obtained by dissolving freshly precipitated 
ferric hydroxide in tartaric acid. The brownish-green solution 
decomposes on warming with separation of a basic salt, and 
in the air is partly reduced to ferrous salt. The solution is 
not precipitated by alkalis. Tartaric acid also prevents the 
precipitation of salts of other metals of the iron group, as those 
of chromium, aluminium, copper, zinc, and lead, inasmuch as it 
forms soluble double* sal ts.® 

6 x 4 Tartrates of Antimony, The best known of these 
is Potassio-Aifvtimonious Tartrate or tartar emetic (tartarus 

^ Stadeler and Krause, Jahresh, 1854, 746. * Stadeler and' Krause, loe. cU, 
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emeticvs, or tariarus stiUatua), 2 C 4 H 40 Q(Sb 0 )K which 

w^as used even in early times as a medicine.. The first 
mention of this salt is found in Mynsicht’s Thesaurus et 
Armamentariuvi Medwo^chymicum, in 1631, which contains a 
receipt for boiling cream of tartar, with croctis Toetallorum dbsin- 
thiacus (the product obtained by lixiviating the mass obtained 
by roasting sulphide of antimony with salts of wormw'ood), 
filtering the boiling solution and allowing it to crystallize. In 
his Fumi novi Philosophici, published in 1648, Glauber describes 
the preparation of this salt from flowers of spiessglas and cream 
of tartar, and at a later period a large number of other processes 
became known for its preparation. Bergman was the first to 
make known its constituents in his Dissertatio de tartaro 
antimoniatOy published in 1773. 

In order to prepare tartar emetic 6 parts of purified cream of 
tartar are boiled with 50 parts of water and 4 parts of antimony 
trioxide, prepared from the chloride by precipitation with water 
and treatment of the precipitate with carbonate of soda. The 
whole is then allowed to stand and crystallize. It forms rhombic 
prisms with pyramidal faces, and dissolves at the ordinary 
temperature in about 15 parts of water, and at the boiling point 
in 2*8 parts. The crystals slowly effloresce on exposure to air, 
and at 100® quickly fall to a white powder. When the anhydrous 
salt is heated to 200 — 220® it loses water, and is converted into 
the compound C^HjOgSbK, a body which dissolves in w^ater 
with reformation of tartar emetic.^ Tartar emetic is used in 
medicine in doses from 0 006 to 0 0 1 gram, as it acts as a 
sudorific, but in doseS from 0 06 — 0 2 it acts as an emetic, and in 
larger doses produces poisonous effects which may become fatal. 

The view which is now generally adopted respecting the con- 
stitution of tartar emetic is that it is derived from tartaric acid 
by the replacement of the hydrogen of the carboxyl by an 
equivalent quantity of the monad radical antimonyl, SbO. 
Recent investigations by Clarke and Helena Stallo,^ have, 
however, led to another explanation. When barium chloride is 
added to a solution of tartar emetic, a precipitate of the well- 
known corresponding barium salt is thrown down. If this be 
decomposed by the requisite quantity of dilute sulphuric acid, a 
solution is obtained which when neutralised with potash again 
yields tartar emetic. The acid solution is extremely unstable, 

' Dumas and Piria, Ann, Cliem. Fhnrm. xliv. 85 ; Scbiff, ih, cxxv. 129. 

* Ber, Dewtach, Chem, Gea, xiii. 1788. 
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decomposing quickly with separation of antimonious acid, 
Sb(OH)3. Hence it is very probable that this is a peculiar acid 
(of which tartar emetic is the potassium salt), having the following 
constitution : 

C,H,(OH) /gg;g>Sb.OH. 

When tartar emetic is dissolved in a solution of tartaric acid, 
and the whole evaporated to a syrup and slowly cooled, colour- 
less oblique rhombic prisms of the so-called add tartar emetic, 
2C4H40g(Sb0)K-f C^HgO^ + oHgO, separate out. This on ex- 
posure to the air loses water and changes to a porcelain-like 
mass, easily decomposed by alcohol into tartar emetic and 
tartaric acid. 

The acid tartrates of the other alkali metals act towards 
antimony oxide in a similar way to cream of tartar, and yield 
similar compounds to tartar emetic or salts of tartryl antimonious 
acid. Other similar salts containing metals of other groups are 
also known. These are only slightly soluble in water, and there- 
fore may be prepared by double decomposition like the above- 
mentioned barium tartryl antimonite, and the silver salt, 
C4H4C)7SbAg -h HgO, which crystallizes from hot water in 
rhombic tables with diamond-like lustre.^ 

Antimony Tartrate^ C2H403(C0j.Sb0)2-hH20, is formed by 
dissolving antimony oxide in tartaric acid, from which solution 
the salt is precipitated by alcohol as a crystalline powder. At 
100® it loses one, and at 190® a second molecule of water, with 
which it easily recombines. It unites with normal potassium, 
tartrate to form tartar emetic. 

Tartrates of Arsenic, The xides of this element comport 
themselves with acid tartrates like antimony oxide. 

Ammonium Tartryl Arsenite, 2C2H2(0H)2(C02)2As(0NH4) + 
HA is obtained by boiling acid ammonium tartrate with arsenic 
trioxide. It forms large, bright, colourless rhombic crystals 
which easily efHoresce. 

Potassium Tartryl Arsenate, 2Cj,H2(0H)2(C02\As0(0K) 
-h SHgO, is obtained by dissolving cream of tartar in arsenic 
acid. It is precipitated by alcohol as a crystalline powder. 
It easily decomposes in aqueous solution with separation of 
cream of tartar. 

Tartrates of Boron, In 1728 Le Fivre noticed that cream of 
tartar is rendered easily soluble by the addition of solution of 
' Cookn, Oh^, News, xliv. 233. * 
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borax, and Lasonnc, in 1754, found that boracic acid acts in a 
similar way. Both the preparations thus obtained were termed. 
tartarus horas^m, that with borax being also termed cremor 
tartaH soluhilis. This compound was much prized by the 
alchemists, as they believed that by its means the transmutation 
of the base metals into gold could be effected. 

Potassium Tartryl Borate^ C 2 Hg(OH) 2 (COj 2 BOK. This com- 
pound is used in medicine {Tartaims hoi'oxat'its Franco-Oallicus), 
and is obtained by dissolving 3*5 parts of cream of tartar and 
1 part of boric acid in hot water. On evaporating an amorphous 
transparent mass is obtained which may be rubbed down to a 
white powder, and is permanent in the air. 

The “borax weinstein'' of the German pharmacopoeia is 
prepared in a similar way from 2 parts of borax, 5 parts of 
cream of tartar and twenty parts of water. This is a mixture 
of potassium sodium tartrate with the foregoing compound, and 
is distinguished from it inasmuch as it easily absorbs moisture 
from the air. 

6 15 The Enactions of Tartaric Acid and its Salts. When heated 
these decompose, and a peculiar smell resembling that of burnt 
sugar but being at the same time somewhat acrid, is evolved. The 
free acid gives a precipitate of cream of tartar with potassium 
acetate, the deposition being greatly aided by rubbing the sides 
of the vessel with a glass rod or by the addition of alcohol. In 
order to detect tartrates by this test an acid, preferably acetic 
acid, must be added. The normal tartrates give, with calcium 
chloride, a precipitate of calcium tartrate, which at the moment 
of precipitation is amorphous, dissolves pretty easily in an excess 
of either reagent, and after a short time separates out again in 
the crystalline form. In dilute solutions the precipitation only 
takes place after a lapse of some time. Even when the salt ' 
does not dissolve again, it soon becomes crystalline. It is soluble 
in hydrochloric acid, nitric acid, and alkali free from carbonic 
acid, and from the latter solution it separates out on warming 
as a gelatinous mass, which slowly dissolves on standing. By 
these reactions tartaric acid can be distinguished from oxalic, 
malic, and citric acids, &c. Free tartaric acid is not precipitated 
by a solution of calcium sulphate, which produces in solutions of 
normal tartrates a slight precipitate after some time. When 
a solution of luteo-cobalt chloride is added to one of tartaric 
acid, and then boiled with caustic soda, the yellow solution 
becomes green, and then blue-violet. The other vegetable acids 
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and acetic acid do not give this reaction^ all the cobalt being 
thrown down.* 

The presence of boric acid interferes with most of the reactions 
of tartaric acid. In this case, instead of an acetate, potassium 
fluoride and then acetic acid should be added.* 


ETHEREAL SALTS OF TARTARIC ACID. 


6x6 Acid Ethyl Tartrate, CgH^Og | q jj pre- 

paration bf ethyl tartaric acid, equal parts of tartaric acid and 
absolute alcohol are heated in a retort from 60° to 70°, until two- 
thirds have come over. The whole is then diluted with water 
and allowed to evaporate spontaneously.® Oblique rhombic very 
deliquescent prisms tlicn crystallize out, possessing a sweet 
and pleasant taste, and melting at 90°. Most of its salts 
crystallize well. 

Normal Ethyl Tartrate, C 2 H 402 (C 02 .C 2 H 5 ) 2 . was first prepared 
by Demondesir.^ It is best obtained as follows. A well cooled 
mixture of equal parts of absolute alcohol and tartaric acid is 
saturated with hydrochloric acid, the whole being kept cold. 
After standing for twenty-four hours the clear liquid is poured 
off, and a current of dry air passed through for some time. 
The liquid is next warmed to 100°, under diminished pressure, 
to remove the aqueous hydrochloric acid and the excess of 
alcohol. An equal volume of alcohol is again added, and the 
operation repeated, and finally the liquid is distilled under 
reduced pressure.® 

Ethyl tartrate is a thick, oily, odourless liquid, having a 
specific gravity at 14° of 1*2097, and boiling, with slight decom- 
position, at 280°. 

Zinc ethyl, in presence of ether, acts violently on ethyl 
tartrate, when the following reaction takes place : 


C2H5.CO2.CH.OH 


C,H,.CO,, 


h 


H.OH 


+ Zn(C*H,),= 




C2H5.CO2.CH.O* 
n TT nn nw n 




^ Braun, ZeUsch, Anal, Ch&m, vii. 349. s Barfoed, ih, iii. 292. 

* Gu4rin-Varry, Ann, Chim, Phya. [2], Ixii. 57. 

^ Gompt, Bend, zxxiii. 327. 

* Anschutz and Pictet, Ber, DexUach. Cham, Ges. xiii. 1175. 
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The zinc compound is a snow-white, amorphous, very unstable 
substance.^ 

When ethyl tartrate is saturated with dry ammonia it forms 
tartramide, C2H402(C0.NH2)2, a body soluble in water and 
crystallizing in rhombic prisms.^ If the tartrate be diluted 
with aqueous ammonia hard crusts of ethyl tartramate are 

( CO NH 

formed. Free tartramic add, C2H4O2 < ^ syrup 

(Grote). 

Hydrogen methyl tartrate closely resembles the ethyl com- 
pound. The following are the only normal salts that are 
known (Anschutz and Pictet) : 

B.P. Sp. Gr, at 

Methyl tartrate, C4H40fl(CH3)2 280 ° 1*3403 15 ° 

Propyl tartrate, C4H40,(C3H7)2 303 ° 1*1392 17 ° 

The methyl salt forms hard, white crystals which melt at 48 ®, 

Dinitroxytartaric Add, C2H2(0.N02)2(C02H)2. This nitric 
ether, which is ordinarily termed nitro-tartaric acid, is obtained 
by dissolving powdered tartaric acid in four and a half times 
the quantity of concentrated nitric acid. On the addition of 
an equal volume of sulphuric acid it separates out as a gummy 
mass. This is dried on a porous plate, then dissolved in tepid 
water, and the solution at once cooled to O'^,® when the compound 
separates out. For purification it is crystallised from ether, and 
is thus obtained in silky crystals.^ Its aqueous solution de- 
composes quickly with formation of oxalic acid and tartronic 
acid, CH.0H(C02H)2, but its solution in absolute alcohol is 
much more stable, and from this it crystallizes on spontaneous 
evaporation, sometimes in large prisms. Ammonium sulphide 
again converts it into tartaric acid. 

Ethyl IHnitroxy tartrate, C2H2(0.N02)2(C02.C2H5)2, is obtained 
by dissolving ethyl tartrate in a mixture of concentrated sulphuric 
and nitric acids. The solution is poured into an equal volume 
of water, when the salt separates out as an oil, which solidifies 
after some time. Crystallized spontaneously from, absolute 
alcohol, it is deposited in prisms or needles which melt at 
45 ®_ 46 °.® 

Ethyl Acetotartrate, obtained 

^ Mulder and van der Meulen, Bcr, Dmtsch. Chem, Ges, xiv. 918. 

* Grote, Ann, Chem. Pharm. exxx. 202. 

* Dessaignes, Compt, Pend, xxxiv. 731 ; Ann, Chem, Pham. Ixxxii. 362 ; 
Jahresh, 1857, 306. 

^ Demole, Per, DeuUch. Chem, Ges, x. 1789. ^ Henry, lii. 532. 
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by mixing equal molecules of ethyl tartrate and acetyl chloride. 
It is a heavy oil with a bitter taste, and decomposes when 
heated.^ 

Diacetotartaric Acid, C2H2(0. 031130)2(00211)2. The anhydride 
of this compound is formed by heating tartaric acid with acetyl 
chloride : ^ 

CH(OH).OO.OH 

I + 4 OOOI.OH 3 = 4H01 + 

OH(OH).OO.OH 

.OO.OH 3 0H(0.0H3.00)C0. 

• O 4- I O. 

\CO.CH 3 0H(0.CH3.C0)C0'' 

It crystallizes in thin inonoclinic needles, melting at 126® — 127,® 
and subliming when further boated. It is easily soluble in alcohol 
and ether. Its solution in benzol is powerfully dextro-rotatory 
(Anschiitz and Pictet). It is gradually decomposed by water 
with formation of diacetotartaric acid, a gum-like, very deliques- 
cent mass, which however forms crystalline salts, all of which, 
even the silver salt, are easily soluble, and for the most part 
deliquescent. It is remarkable that the sohitions of this acid 
and its salts arc laevo-rotatory. 

Ethyl Diacctotarirate, 02112(0.021130)2(002.02115)2, is obtained 
by heating ethyl tartrate with acetyl chloride.® It crystallizes 
from alcohol in transparent strongly-refracting triclinic prisms, 
and from hot alcohol in long thin needles which have a sharp 
and bitter taste. It melts at 6.S®-5, and boils at about 290®, almost 
without decomposition. Whilst the free acid is decomposed 
even by boiling with water and very quickly in presence of 
caustic potash, boiling water only attacks the ethyl salt very 
slowly, whilst it requires to be boiled with caustic potash for 
several hours in order to convert it into tartaric acid, acetic acid, 
and alcohol. 


Anhydrides of Tartaric Acid. 

617 It has already been stated (p. 222) that tartaric acid when 
fused passes into its isomeride, metatartaric acid, an amorphous 
deliquescent mass. The solution of the latter yields tartaric acid 
again on evaporation. The salts are more readily soluble than the 

* Perkin, Jowm. Chem. Soc. N.S. v. 188. 

* Pilz, Joum. PrM. Chem. Ixxxiv. 231 ; Perkin, he. cU. • 

* Wisliceniia, Ann, Chem, Pharm. cxxiz. 187 ; Perkin, he, cii. 
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corresponding tartrates, and yield these on boiling with water.^ 
On protracted or strong heating, tartaric acid loses water, and 
yields compounds whose constitution is probably similar to that 
of the so-called anhydrides of lactic acid. 

DitartaHc Acid or Tariralic Acid, CgHj^Ou, is formed by heat- 
ing tartaric acid for some time to a temperature of 140° — 150°. 
It is an amorphous, exceedingly deliquescent mass, which easily 
combines with water to form tartaric acid. It is a dibasic acid, 
and its salts are amorphous, and chiefly resin-like ; on heating 
with water they are converted into acid metatartrates, and these 
again into the tartrates." 

Tartrclic Acid, CgHgOjo, is formed when tartaric acid is 
heated for some time to 180° (Fremy), or when it is strongly 
heated until it yields a sponge-like blackened mass (Laurent 
and Gerhardt). It forms deliquescent crystals, and on fusing 
with tartaric acid it is converted into tartralic acid (Schiff). 
Boiling with water converts it into tartralic and tartaric acids. 
Alcohol precipitates the salts of the alkali metals from their 
solutions as oils, and they dissolve in water with formation of 
ditartrates. The salts of the alkaline earth and other metals are 
obtained by precipitating the free acid with the corresponding 
acetates, and pass in contact with water into the metatartrates. 

Tartaric Anhydride, This substance is isomeric with the 
•foregoing body, and is obtained either by heating tartaric acid to 
‘180° until an infusible residue is formed (Fremy), or by heating 
freshly-prepared tartrelic acid for a short time to 150° (Laurent 
and Gerhardt). It is a white or yellowish powder, insoluble in 
alcohol or ether. It dissolves slowly in cold, and quickly in 
boiling water, when it is first converted into tartrelic acid, and 
by further addition of water passes into tartralic acid. 


RACEMIC ACID AND L^VOTARTARIC ACID. 

6i8 It was formerly believed that racemic acid, often obtained 
as a by-product in the manufacture of tartaric acid, was contained 
in the grape-juice, and it is quite possible that this is sometimes 
the case. There is, however, no doubt that the greater portion 

' Erdmann, Ann, Ckem, Pharm, xxi. 9 ; Laurent and Gerhardt, ib, Ixx. 848. 

® Fremy, Ann, Chim. Phys, [2] Ixviii. 368 ; Laurent and Gerhardt, toe. cU , ; 
Schiff, Annn Chem^ Pharm, exxv. 129. 
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is formed during the manufacture of the wine. According to 
Jungfleisch the change of tartaric acid into racemic acid takes 
place very readily in presence of alumina.^ Dessaignes has 
shown that several per cents of racemic acid are formed when 
tartaric acid is mixed with dilute hydrochloric acid* or even 
when it is boiled several days with water.® In Kestner’s manu- 
factory, in which racemic acid was first observed, no further 
production of this substance has been noticed since the solutions 
have been evaporated in a vacuum at 50°. On the other hand, 
in a Viennese manufactory, where superheated steam is employed, 
the mother-liquors contain a large quantity of mesotartaric acid 
and some racemic acid, and in an English manufactory in which 
the evaporation takes place at the ordinary pressure, large 
quantities of this latter acid are still formed.^ 

Pasteur was the first to show that tartaric acid can bo 
converted into racemic acid. He found that when cinchonine 
tartrate is heated for some time to 170°, racemic acid is formed, 
together with inactive tartaric acid, and also that the Isevo- 
rotatory salt of this alkaloid and ethyl tartrate undergo this 
change.® Racemic acid is best obtained by heating tartaric 
acid with water in the proportion of 30 grams of the first to 
from 3 to 4 cbc. of the latter, for 30 hours, to a temperature of 175°, 
when the change is almost complete.® A transformation of 
calcium tartrate into racemate is found to occur in dye-vats in 
which tartaric acid has been used to liberate chlorine from 
bleaching powder.^ Another singular formation of racemic 
acid is that by the oxidation of fumaric acid with potassium 
permanganate,® when a direct addition of hydroxyl takes place. 

Racemic acid crystallizes in triclinic prisms containing a 
molecule of water which is driven off at 100°. It is less soluble 
in water than tartaric acid, 100 parts of water at 20° dissolving 
only 22*66 parts. It melts at 202°, and yields on further 
heating, the same products as tartaric acid. It is more easily 
reduced to succinic acid by means of hydriodic acid than is 
tartaric acid (Lautemann), and as intermediate product the 
modification of malic acid corresponding to racemic acid is 
formed (p. 202). 

1 Bull. Soc. Chim, [2], zxi. 146 ; zzz. 191. 

^ Compt, Bend, zlii. 494 and 524, ’ Bull, Soe, Chim. v. 855. 

^ Ber. Entw. Chem. Ind. ii. 423. ^ Compt. Bend, xzzvii. 162. 

* Jungfleisch, Bull, Soc. Chim, [2], zviii. 203. 

^ Lidow, Ber. Dentach, Chem, Oea, ziy. 2689. 

® ^ekul4 and Anschiitz, ib, ziiL 2150. * 
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The racemates in general closely resemble the tartrates, 
though they frequently contain different quantities of water of 
crystallization. Like the acid, they are optically inactive and 
do not like the tartrates exhibit hemihedral faces. 

Normal Potassium EacemaU, C^H40gK2-|-2H20, forms mono- 
clinic crystals, easily soluble in water. 

AM Potassium Eacemaie, C^H^O^KH, crystallizes in rhombic 
tables, dissolving more readily in water than cream of tartar, 
and forming with antimony oxide a compound similar to tartar 
emetic. 

Calcium RaucemaU, C4H40flCa+4H20, is the most characteristic 
salt of racemic acid. It is a precipitate consisting of small needles, 
more difficultly soluble than the tartrate, and precipitated, even 
from a solution of the free acid, by calcium sulphate. It does 
not dissolve in acetic acid, but is soluble in hydrochloric acid, 
and on addition of ammonia it is at once thrown down, whilst in 
the case of the tartrate, precipitation takes place only after 
standing some hours. 

The ethereal salts of racemic acid closely resemble those of tartaric 
acid, and are optically inactive : — 

M.P. B.P. 

' Methyl racemate, C2H2(0H)2(C02.CH3)2 85® 282® 

® Ethyl diacetoracemate, 03112(0211302)2(002.02115)2 50®'5 298® 
* Diacetoracemic anhydride, 03112(0211302)20203 183® — 

6x9 Pasteur's Researches. The discovery that racemic acid can 
be decomposed into two active acids w as made by Pasteur. He 
showed that the salts of tartaric acid usually exhibit hemihedral 
faces, whilst those of racemic are holohedral. On crystallizing 
a solution of ammonium sodium racemate, a salt which Mits- 
cherlich believed to be isomorphous with the corresponding 
tartrate, Pasteur found that although all the crystals were 
hemihedral, the hemihedral faces were situated on some crystals 
to the right, and on others to the left hand of the observer, so 
that the one formed, as it were, the reflected image of the other, 
as in Figs. 102 — 107, these faces being distinguished by the sym- 
P P 

bols + 2 and — g-. Pasteur separated these two sets of crystals 

mechanically, and purified them by recrystallization, when he 
found that they do not undergo alteration in form, and that 

^ Anschutz and Pictet, Ber. Deutsch. Ch&m. Gcs. xiii. 1178. 

^ Perkin, Joum. Ch&m. Soe. N.S. v. 138. 

’ Perkin ; Anschatz and Pictet. 
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those which exhibited dextro-hemihedry possess dextro-rotatory 
power, whilst the others are laevo-rotatory. He then converted 
these into the lead salts, and on decompo&mg with sulphuretted 
hydrogen, obtained both the free acids, one of which proved to 
be identical with common tartaric acid, whilst the other was 
distinguished from it, inasmuch as it turns the plane of polariza- 
tion as powerfully to the left as common tartaric acid does to the 



104, Fip. 105. 



Fig. 106. 



right, and for this reason Pasteur termed it laevo-tartaric acid, or 
anti-tartaric acid. The acids moreover are positively and negatively 
hemihedral, as is shown by the following figures in which the 
hemihedral faces are marked. Both the acids are pyro-electrical, 
but each in an opposite sense, inasmuch as positive electricity is 
developed on the side of the crystal on which hemihedry occurs. 
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If equal quantities of the concentrated solutions of the two 
acids be mixed, an evolution of heat takes place, and crystals of 
racemic acid separate out. Their salts behave in the same way, 
and otherwise exhibit the same properties. They contain the 
same quantity of water of crystallization, and possess the same 
degree of solubility. 

On the other hand, they show an altogether different reaction 
in their combinations with optically active compounds. Thus 
hydrogen ammonium tartrate forms, with the hydrogen ammonium 
salt of common malic acid, a crystallizable double salt, whilst 
the salt of laevo-tartaric acid does not do so. Dextro-tartaric 
acid combines also with asparagin to form a crystalline com- 
pound, but this compound cannot be obtained with the Isevo- 
tartaric acid. Each of the optically active alkaloids, cinchonicine, 
chinicine, strychnine, and brucine, yields a normal and an acid salt 
with the two tartaric acids. The eight salts of 'the one modifi- 
cation are distinguished from the corresponding ones of the other 
modification by crystalline fonn, quantity of water of crystalliza- 
tion, and solubility, and these varying relations serve as another 
means for resolving racemic acid into its constituent acids. If 
a solution of cinchonicine in racemic acid be concentrated, at 
first only the la 3 Vo-tartario acid salt separates out, whilst when 
chinicine is employed the dextro-tartaric salt first makes its 
appearance. 

Pasteur has further shown that when a few spores of ;penicil- 
Hum glaumm are added to a solution of racemic acid containing 
traces of phosphates, dextro-tartaric acid first disappears, so 
that if the fermentation bo stopped after some time, only the 
lievo-acid remains.^ 

Lastly, Gemez has found that a saturated solution of the 
ammonium sodium salt, does not crystallize when a crystal of 
the opposite modification is brought into it. Hence, if such a 
solution be prepared from racemic acid, it is easy to obtain 
either one or the other modification in this way at will.^ 

In order to explain the optical isomerism of the two tartaric 
acids, we may assume that in their molecules the atoms occupy 
different positions in space. This can be* best illustrated by 
means of a model consisting of a tetrahedron in whose centre 
an asymmetrical carbon atom is situated, the four combining 
units being placed in connection with the corners. On 
these the several groups H,0H,C02H and CH(0H)C02H are 
^ G(ynypU^ Rendus^ li. 163. * lb, Ixiii, 843. 
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joined. They maybe distinguished by painting the four pointrf^- 
of different colours. A second tetrahedron is then prepared 
'which is, as it were, the reflected image of the first. .vOne of* 
the two models represents the dextro- and the other the J»vo-? 
tartaric acid, and in whatever position they may be placed 
they are always seen to be right- and left-handed. 


INACTIVE OR MESO-TARTARIC ACID. 

620 This acid was obtained by Pasteur, together with racemic 
acid, by heating cinchonine tartrate to 170®. In this decompo- 
sition it is probable that the racemate is first formed, as this, 
when heated by itself, partially decomposes into the inactive 
compound. By the oxidation of sorbin, CgHigOg, Dessaignes 
obtained, in addition to tartaric and racemic acids, an inactive 
isomeric compound to which he gave the name of mesotartaric 
acid, and Pasteur afterwards showed that this was identical with 
his acid. It has already been stated that this acid usually 
occurs together with racemic acid (p. 234). 

Mesotartaric acid is best obtained by heating thirty parts of 
tartaric acid and four parts of water for two hours to 165®. On 
crystallizing, the racemic acid which has been formed deposits 
first. The residue is converted into the acid potassium salt, 
when cream of tartar separates out, whilst the more soluble 
salt of the inactive acid remains in solution.^ By this reaction 
the other modifications are also almost entirely converted into 
mesotartaric acid, whilst at 175® they, as well as the last named 
acid, are almost entirely transformed into racemic acid. In 
this way Jungfleisch has succeeded in preparing the four 
modifications synthetically from ethylene. 

It is an interesting fact that the inactive acid is also formed 
by oxidation of maleic acid by potassium permanganate, whilst 
fumaric acid is oxidized to racemic acid. From this, it would 
appear that the cause of the isomerism of maleic acid is the 
same as that of mesotartaric acid and racemic acid.^ 

Mesotartaric acid crystallizes in rectangular tables, with one 
molecule of water, which it losses at 100®. When the anhydrous 
acid is dissolved in a small quantity of water and allowed to 

' Vlin*t Hoff, Lager%mg der Atome, Jac, 

^ Jungfleisch, Bull, Soe, Chim, [2], xix. 101. 

8 Eekul^ and Ansdiiitz, Ber, DeuUtch, Chem, Oes./sxy. 713 compare Tanatar. 
ib, xiii. 1383. . ' 
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(i^stallize quickly, it is obtained in anhydrous prisms closely 
' resembljng those of tartaric acid. One hundred parts of water 
ak 15^di£|solve 125 parts of the crystallized acid. The crystals 
iuelt;ut 140®, and when- submitted to dry distillation yield pyro- 
. raceuHC acid ; if the distillation be stopped when a third has 
passed over, racemic acid may be prepared from the residue 
.^^^Dessaignes). 

The normal and acid mesotartrates are easily soluble in water, 
but do not crystallize. 

Calcium Mesotartrate^ C^H^O^Ca+SHgO, is a very charac- 
teristic salt, and is formed when tho acid is precipitated by 
calcium acetate. The flocculent precipitate soon changes to 
glistening crystals, which are best obtained when tho salt is 
dissolved in hydrochloric acid and so far diluted that am- 
monia does not produce a precipitate. After standing 
from 12 to 16 hours, it is desposited in bright, glistening, 
cube-like crystals. It dissolves in about 600 parts of boiling 
water, and separates very gradually on cooling in small compact 
crystals and small four-sided prisms. It is insoluble in acetic 
acid, and is not formed by the addition of sulphate of lime 
solution to a solution of mesotartaric acid. 

The inactive acid obtained from glyoxal (p. 220) is different 
from mesotartaric acid, and it may therefore be distinguished 
as glycotartaric acid} Like racemic acid, which it was first 
believed to be, it crystallizes in triclinic prisms containing oile 
molecule of water, and these do not effloresce on exposure. The 
anhydrous acid melts at 198®. Its salts resemble very closely 
those of racemic acid, but the sodium ammonium glycotartrate 
is deposited in largo monoclinic crystals which do not exhibit 
hemihedral faces. It is remarkable that racemic acid can, under 
certain circumstances, yield a salt having the same properties 
as the preceding compound, the mother-liquors afterwards 
depositing rhombic crystals of the two optically active salts.® 

A third inactive tartaric acid has been obtained by Przibytek 
by the oxidation of erythrite, €4110(011)4. The acid potassium 
salt of this variety is anhydrous, easily soluble in water, and 
crystallizes in small needles. The calcium salt contains 8 
molecules of, water, is soluble in acetic acid, and crystallizes 
from this solution in laminse. When the acid is heated with 
water to 175®, it is converted into racemic acid. 

^ Stae^el and Gail, Ber, DevUach. Ghent, Oea. xi. 1752. 

^ Bms 8, Chem, Oea, xii. 299. 
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621 By heating amyl alcohol with concentrated solution of 
zinc chloride, Balard, in 1844, obtained the corresponding olefine 
termed amifUm, CgH^Q, and together with this the polymeride 
diamyUm, C^oHao, and tetramylene, C 2 oH 4 ^. Moreover, he 
showed that v/hen the vapour of amyl chloride is passed over 
heated potash-lime, amylene is also formed. It possesses a* 
faint garlic-like smell, boils at 39°, and has a vapour density 
of 2 - 68.1 

Bauer, who then occupied himself with this subject, gives the 
following receipt for its preparation. One part of amyl alcohol 
is poured on to 1 ^ parts of fused and roughly powdered zinc 
chloride, allowed to stand for some days, and afterwards dis- 
tilled. The action begins at 70° — 80°, and the operation is 
stopped at 130° — 140°, when frothing begins. By fractionating 
the distillate and rectifying over sodium, the amylene is obtained 
together with aiiiyl hydride, CglT^g- Amylene thus prepared 
boils at 33° — 34° and at 0° has a specific gravity of 0*663. In 
the higher boiling portions triamylene, CjgHgQ, occurs, together 
with the other products obtained by Balard.^ 

As Wurtz has shown, the action of zinc chloride on amyl 
alcohol is not so simple a one as had formerly been supposed. 
He found that the product boiling at 160°, is a mixture of the 
olefines CgHjo to and of the corresponding paraffins.® 

Recent investigations have proved that the amylene thus 
obtained, and now to be bought as “ commercial amylene,” is not 
a definite compound, but a mixture of several isomeric bodies, 
their formation depending not only on the fact that amyl alcohol 
itself is a mixture, but also that zinc chloride effects a 
molecular decomposition in this case, as it does in the case of 
butylene. 

' Ann, Chim, Phya, [3], xii. 320. 

® KrU. ZtifacK iv, 654 ; see also Linnemann, Ann. diem. Pkarm, cxxxiv. 350. 

* Comptes Rendns, Ivi. 1164 and 1246 ; Irii. 392 ; Ann. diem. Pkann. cxxviii. 
225 and 316. . ' 
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Amylene is also found in the distillation products of Boghead' 
cannel, in the lime soap of train oil, and in certain petroleums, 
&c. 

622 Propyl Ethylene, CH 3 .OH 2 .CH 2 .CH — CHg, was obtained 
synthetically by Wurtz by the action of zinc-ethyl on allyl 
iodide. He could not, however, obtain it in a pure state, 
owing to the formation of other hydrocarbons.^ Pentyhne 
dibromide, C^Hj^jBrg, obtained from this, boils at 177° — 183°. 
Normal pentylene is also formed together with ethereal salts 
of pentyl-acetic acid when the monochloride, obtained from 
normal petane, is heated with potassium acetate and glacial 
acetic acid to 190° — 200°. * Moreover, it is a constituent of com- 
mercial amylene. If this litpiid be shaken up with a mixture 
of one volume of water and tv/o volumes of sulphuric acid, the 
isomeric olefines dissolve and a mixture of the normal penty- 
leno and pentanes remains behind.® By oxidizing this with an 
alcoholic solution of potassium permanganate, formic, oxalic, 
normal butyric, and succinic acids are formed, and from this fact 
the constitution of these hydrocarbons is ascertained.^ Owing to 
the fact that Balard purified his amylene by treatment with 
sxilphuric acid, it likewise chiefly consisted of propyl-ethylene. 
It is a mobile liquid, boiling between 39° and 40°, and combining 
with hydriodic acid to form methyl-propyl-carbyl iodide. 

Isopropyl-ethylene, (CH 3 ) 2 CH. CHUCHg, occurs, according to 
Eltekow, in commercial amylene.® It is formed together with 
) 8 -ethyl-methyl-ethylene, when amyl iodide is heated with 
alcoholic potash. If this mixture be saturated at — 20° with 
hydriodic acid, the latter olefine is converted into dimethyl- 
ethyl-carbyl iodide, isopropyl-ethylene remaining unchanged. 
When the above mixture is shaken up with sulphuric acid and 
water, the ^S-ethyl-methyl-ethylcne is alone dissolved. Isopropyl- 
ethylene boils at 21°‘l to 21°*3, and combines at the ordinary 
temperature with hydriodic acid to form methyl isopropyl carbyl 
iodide (Wischnegradsky). With bromine it forms a dibromide 
boiling with decomposition at 190°, from which isopropyl-ethylene 
glycol, (CH 3 ) 2 CH.OH(OH).OH. 2 (OH), is obtained. This latter 
body boils at 206°, and is a thick odourless liquid, soluble in 

^ Compt. Rend: liv. 387 ; Ivi. 354; Ixvi. 1179; Ann, Chem, Phann, cxxiii. 
202 ; cxxvii. 55 ; cxclviii. 131. 

* Schorlemmer, Phil, Trans, 1872, p. 111. 

* Wischnegradsky, Ann, Chem, Pharm, cxc. 346. 

* 0. and F. Zeidler, ih, cxcvii. 253. 

® Bcr, Deutsch, .Chem. Oes. x. 1904. 

VOL. III. * R* 
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water, and yielding on oxidation oxyvaleHc add, and 
Iviyrio acid} 

623 a-Ethyl-rnMhyUethylem^ CH^.CHg.CH— CH.CHj, is 
obtained by heating the two secondary pentyl iodides with 
alcoholic potash The pentylene obtained by Beilstein and 
Rieth by the action of zinc-ethyl on chloroform appears to be 
identical with this substance : ^ 

3Zn(CH2.CH3)2 + 2CH.C1, = 2CH,.CH,.CH — CH.CH. + 
2C2He‘+ SZnCV “ 

It boils at 36°, and combines with hydriodic acid forming 
raethyl-propyl-carbyl iodide. 

a-Ethyl-riuthyl-ethylene Bromide, CgH^.CHBr.CHBr.CHg, boils 
with slight decomposition at 178°, and at 0° has a specific 
gravity of 1*7087. 

a-EthyUmetliyUethyleTie Glycol, C2Hg.CH(OH).CH(OH).CH3, 
is a syrupy liquid, soluble in water, boiling at 187° ‘6, and at 0® 
having a specific gravity of 0*9945. When oxidized with dilute 
nitric acid it yields a-oxyhutyric acid, together with carbon 
dioxide and a small quantity of glycolic acid. 

^•Ethyl-^mthyUethylene, C2H5(CH3)Cz:CH2. This is a con- 
stituent of commercial amylene (Wischnegradsky), and is formed 
together with isopropyl-ethylene by heating amyl iodide with 
alcoholic potash, and is also prepared in a similar way from active 
amyl iodide.^ A pentylene, probably identical with this, is 
found in the distillation products of the Alsatian petroleum at 
Pechelbronn.® It boils at 31° — 32°, and at 0° has a specific 
gravity of 0*670. It is optically inactive, dissolves readily in 
dilute sulphuric acid, and combines with the haloid acids with 
formation of ethereal salts of dimethyl-ethyl-carbyl. 

624 Trimethyl-ethylene, — CH.CHg, is also found in 

commercial amylene, and is formed by the action of alcoholic 
potash on the iodides of dimethyl-ethyl-carbyl, and isopropyl- 
methyl-carbyl.'^ It is formed also when amyl ethyl ether is 
heated with phosphorus pentoxide.® 

^ Flawitzky, Ann, Chem, Pharm, clzxiz. 351 ; Ber. Deutsch, Chm, Qea, z. 
230. 

* AYagner and Saytzeff, Ann, Glum,, Pharm. clxxv. 373 ; dzziz. 802. 

* /6. czziv. 245. 

** Le Bel, Bull. Soe. Chim. [2], xxv. 546. 

« I.e Bel. ib. [2], xvii. 3 ; xviii. 166. 

* Jennolajew, ZeUech, Ch&m, 1871, 275. 

^ Wischnegradsky, Ann, Ch&m, Pharm. cxc. 365. 

^ Flawitzky, ib, clxix. 206. ’ . ' 
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It is a liquid boiling at 36® — 38°, and having at 0° a specific 
gravity of 0*6783. It is easily converted into polyamylencs by 
zinc chloride or by dilute sulphuric acid, as well as by boron 
fluoride.^ It dissolves when shaken with a mixture of two parts 
of sulphuric acid and one of water, and when this solution is 
neutralized with carbonate of soda and distilled, dimethyl-ethyl- 
carbinol is obtained, which combines with the haloid acids to 
form the ethereal salts of this alcohol. 

The derivatives of the pure hydrocarbon have not been much 
investigated, but these probably form a large portion of the 
compounds obtained from commercial amylene. 

625 Amylene Glycol, C5Hiq(OH)2, was obtained by Wurtz ^ from 
amylene bromide in the same way as common glycol is obtained 
from ethylene bromide. It is a colourless syrupy liquid, soluble 
in water, and having an aromatic bitter taste ; it boils at 177,° and 
at 0 ° has a specific gravity of 0*987. It may be solidified in a 
mixture of ether and solid carbon dioxide to a hard transparent 
mass. Pure trimeihyl-ethylene yields a glycol which boils at 
the same temperature.® Dilute nitric acid oxidizes it to 
oxyisohutyric acid. 

Amylene Chlorhydrate, C5HiqC1(OH), was obtained by Carius 
by acting on amylene with dilute hypochlorous acid. It is a 
liquid boiling at 135°, smelling of valeric acid, and is tolerably 
Soluble in water. Caustic potash converts it into amylene oo'Me, 
CgHj^O, a pleasantly smelling liquid having a bitter taste, 
boiling at 95°, and having a specific gravity at 0 ° of 0 8244.* 

Amylene Chloride, CgHj^OIg, is formed when a mixture of 
amylene and phosphorus pentachloride is allowed to stand for 
twelve hours. On addition of water it separates out as an oily 
layer.® It is also formed, together with substitution-products, 
when chlorine is passed into amylene cooled to —15°, and 
then heated gradually to the boiling point.® It is a liquid 
boiling at 145°, and having at 0° a specific gravity of 1*222. 

Amylene Bromide, CgHjoBrg, is an oily liquid boiling with 
decomposition at 170° — 180°. 

Amylene Nitrite, obtained by Quthrie 

by passing amylene vapour, mixed with air, through fuming 

^ Landolph, JBcr. Deutsch. Chtm. Oes. xii. 1584. 

® Ann. Chim. Phya. [3], Iv. 468. 

* Flawitzky, Bar. Deuisch. Cham. Ges. ix. 1600. 

^ Bauer, Ann. Chem. Pharm. cxv. 90 ; Carius, ih. cxxvi. 199 ; cxxix. 167. 

° Guthrie, Quart. Journ. Chem. Soc, xiv. 127. 

* Bauer, ZeUach. Chem. 1866, 380 and 667. 
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nitric acid,^ and afterwards by passing nitrogen trioxide through 
amylene placed in a freezing mixture.^ It crystallizes from 
boiling ether in long transparent prisms or rectangular tables; 
which decompose at 95®. When treated with tin and hydro- 
chloric acid, the nitrogen is evolved as ammonia. 

Amylene Nitrosochloride, C5,Hj0(NO)Cl, is formed by the 
direct union of nitrosyl chloride with amylene. It deposits in 
splendid crystals, and is converted by nascent hydrogen into an 
amylamine.^ 

Amylene forms, with the chlorides of sulphur, compounds 
which correspond to the ethylene compounds.* 

Nitro-amylene, or Nitro-trimethyUethylene, C^HgNOg, is ob- 
tained by the action of nitric acid on dimethyl-ethyl carbinol. 
It is a slightly coloured peculiarly smelling liquid, boiling at 
ICC® — 170®, and dissolving slowly in potash. The solution 
gives the j^seudo-nitrol reaction (Part I. p. 566) with potassium 
nitrite and sulphuric acid. When heated with water to 100® 
under pressure, it splits up into nitro-ethane and acetone 


CHo 

I 

C — C(N02).CH3 + Hp 

CH3 


CH3 


CO + CH3(N02).CH3. 

CH 3 


THE OXYACIDS, AND THE KETONIC 

ACIDS, C5HP3. 

626 a-Oxyvaleric Add, (CH3)2CH.CH(0H)C02H. When 
valeric acid is heated with bromine under pressure a-hromvaleric 
cueid (CH3)2CH.CHBr.C02H, is formed. This is an oily liquid 
which decomposes on heating.® If this body be boiled with water 
and oxide of silver or with caustic potash,^ the corresponding 
oxyvaleric acid is obtained, a substance which can also be 
prepared synthetically from isobutyraldehyde. This compound 
combines with anhydrous hydrocyanic acid to form the nitril 

^ QmrL Jmm, Chem. Soc, xiii. 35. ^ Ih, xiii. 139. 

^ Tunnies, Ber, Deutneh. Ch&tn, Oes, xii. 169. 

* Guthrie, Quart. Joum. Chem, Soc. xii. 109 ; xiii. 35. 

* Hartinger, Monalsh, Chem. ii. 286. 

® Fittig and Clark, Ann. Chc^n. Phann. cxxxix. 199 ; Ley and Popow, %b. 
clxxiv. 63. 

^ Schmidt and Sachtleben, ih, cxciii. 106. 
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(CH 3 ) 2 CH.CH( 0 H)CN, a liquid which commences to boil at- 
136°, and then decomposes into the compounds from which it is 
derived. When boiled in connection with an inverted condenser 
with three times its volume of concentrated Iiydrochloric acid 
oxyvaleric acid is obtained, which then may be removed by 
shaking with ether.^ It is easily soluble in water, alcohol, and 
ether, and crystallizes in rectangular tables or long prisms 
which melt at 86°, and begin to volatilize at 100°. Its chemical 
relations are closely analogous to those of lactic acid. On heat- 
ing with sulphuric acid it is converted into formic acid and iso- 
butyraldehyde. The latter compound is also formed, together 
with isobutyric acid and carbon dioxide, wlicn it is oxidized 
with aqueous chromic acid. 

The crystallized anhydrous zinc salt is difficultly soluble in 
cold, and not much more soluble in hot water. The silver salt 
dissolves tolerably easily in hot water, and forms feather-like 
crystals. By the action of ethyl iodide it yields the ethyl salt, 
which is also formed when ethyl oxalate is treated with zinc and 
secondary propyl iodide.^ It is a not unpleasantly smelling 
liquid, boiling at 175°. 

a-Valcrolactidc, Cj^Hj^O^jis formed when the acid is heated in 
closed tubes to 200°. It crystallizes from dilute alcohol in thin 
needles insoluble in water, melting at 136°, and subliming at a 
higher temperature. It is scarcely attacked by dilute alkalis. 

a-Oxyvaleramide, (CH 3 ) 2 CH.CH(OH).CO.NIl 2 , is formed by 
the action of cold fuming hydrochloric acid on the nitril. It 
crystallizes in large tablets which arc tolerably soluble in water, 
less so in ether, and which melt at 104° (Lipp). 

a-Amidovaleric Acid^ (CH3)2CH.CH(NH2).C02H. A com- 
pound of this composition was found by Gorup-Besanez in the 
pancreas of the ox, and he termed it lutalaninc. * This compound 
closely resembles the acid obtained by heating bromvaleric 
acid with ammonia. The latter compound is easily soluble in 
water, scarcely soluble in cold alcohol, and crystallizes in lamiufe 
consisting of microscopic prisms which, on heating, sublime 
without melting (Fittig and Clark \ Schmidt and Sachtleben). 
Further investigations have shown that butalanine is different 
from a-amidovaleric acid, and it differs also in its properties 
from a-amidopentoic acid, CH 3 .CH 2 .CH 2 .CH(NH 2 )C 02 H, which 

^ Lipp, Ann, Chem, Phann, ccv. 23. 

3 Markownikow, ZeUsch. Chem, 1870, 517. 

* "Ann, Chem, Pharm. zcviii. 16. 
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latter is obtained from brompentoic acid,' and from normal 
butyroaldehyde ammonia andhydrocyanic acid.* Butalanine is pro- 
bably ethyl methyl amidoacetic acid, C 2 H 5 (CH 3 )CH(NH 2 ).C 02 H. 

627 fi-Oosyvaleric Acid, (CII^fi(0H).CH2-C02H, was first pre- 
pared by M. and A. Saytzeff by oxidizing dimethyl allyl carbinol, 
(CH3\C(0H).CH2.CH= cm/ It is also formed by the action 
of potassium permanganate on valeric acid.* It forms a syrup 
easily soluble in water, alcohol, and ether. It is not volatilized 
in a current of steam, and on heating with a chromic acid 
solution it yields acetic acid, acetone, and carbon dioxide, and 
when heated it decomposes into water and dimethyl-acrylic acid, 
(0H3)2CIICH.C02H. 

The anhydrous zinc salt crystallizes in prisms which are 
easily soluble in water. The silver salt, which does not undergo 
change on exposure to light, forms monoclinic prisms and is very 
difficultly soluble in cold water, though rather more soluble in 
boiling water. It forms with ethyl iodide an ethereal salt boiling 
at about 180°.® 

fi-Amidovaleric or Amido-dimcthyUpropionic Acid, (CHjj )2 
C(NH 2 )CH 2 .C 02 H + HgO, is formed together with amido- 
isobutyric acid by the oxidation of diacetonamine (Part I. p. 
674). It is easily soluble in water and separates out from a 
mixture of ether and alcohol in glistening crystals melting at 
217°, but beginning to sublime at 180°. 

Imido-dimethylacetic-dimcthylpropionic Acid, 

is formed, together with a small 

quantity of the foregoing compound, by the oxidation of 
triacetonamine (Part I. p. 574). It forms a crystalline powder 
possessing an acid taste, difficultly soluble in cold, but readily 
soluble in hot water, and very slightly soluble in alcohol. 

a-Methyloxylviyric or Metfio^ethoxalic Acid, (C 2 H 5 ).C(CIl 3 )OH. 
COgH. The ethyl salt of this acid is formed when ethyl 
oxalate is heated with granulated zinc, methyl iodide and ethyl 
iodide, to 35° — 40°.® It is also formed by the oxidation of methyl- 
ethyl-acetic acid with potassium permanganate,^ and likewise 

^ Juslin, Bull, Soe, Chim, xxxvii. 3. ^ Lipp, Ideh. Ann, ccxi. 854. 

^ Ann, Cfiem, Fharm, clxxxv. 163 ; Schirokow, Journ, Buss, Chsm, Qes xi. 

410. 

^ Miller, Ann. Ghent, Bharm, cc. 273. 

* Sem^anitzin and Saytzeff, Ann, Chem, Phann, cxcvii. 72. 

* Franklaud and Duppa, Proc, Boy, Soe, xiv. 17. 

’ Miller, Ann, Ghent, Pharm. cc. 282. 
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when methyl-ethyl ketone is combined with hydrocyanic acid 
and the product decomposed by hydrochloric acid, and lastly 
when ethyl-methyl-acetic acid is converted into the mono- 
brominated acid by heating with bromine and this afterwards 
decomposed with carbonate of soda.^ 

It is easily soluble in water, alcohol and ether, melts at 68® 
and sublimes in needles at 90°. Aqueous chromic acid oxidizes 
it to methyl-ethyl ketone and carbon dioxide,® and when heated 
for. 200 hours with dilute sulphuric acid to 116® — 130® it decom-* 
poses into water and methyl-crotonic acid, CH 3 CHZZC(CH 3 ). 
COgH. The anhydrous zinc salt is a crystalline precipitate diffi- 
cultly soluble in boiling water and insoluble in alcohol. The 
ethyl salt is a liquid possessing a powerful ethereal smell, 
boiling at 165®‘5, and having a specific gravity at 13® of 
0*9768. 

628 fi-Methyl<xi(yyhutyric Acid, CH3.CH(0H).CH(CH3).C02H, 
is formed when an alcoholic solution of ethyl methyl-acetacetate is 
treated with sodium amalgam. In order to prevent the decompo- 
sition of the ether into carbon dioxide and methyl-ethyl ketone, 
the liquid is well-cooled and from time to time acidified with dilute 
sulphuric acid.® The acid forms a syrup which on standing over 
sulphuric acid becomes thicker and is converted into the an- 
hydride Ci^HigOg. The acid decomposes on distillation, into 
water and methyl-crotonic acid. 

Methyl Acetoacetic Add, or a-Acetylpropionic Acid, CHg.CO* 
CH(CH3).C02H. The ethereal salts of this acid are prepared 
according to a process already described (p. 172), and are similar 
to the acetoacetates. The methyl salt boils at 177®‘4 and yields 
with ferric chloride a violet-red coloration ^ and the ethyl salt 
boils at 186®'8, has a specific gravity at 6® of 1*009, and gives a 
deep blue colour with ferric chloride.® 

It has been stated under acetoacetic acid (p. 172) that only its 
salts had been prepared. Since this was written the free acid, and 
.also certain of its homologues, have been isolated. The ethereal 
salt is slowly saponified by cold dilute potash solution; this 
then, after standing twenty-four hours, acidified with sulphuric 
acid, is shaken up with ether, and the ethereal solution cautiously 
evaporated, when a mixture remains of the free acid and 

^ Backing, Ann, Chem. Pharm, cciv. 18. 

^ Chapman and Smith, Jmim, Chem, Soe, N.S. v. 296. 

* Rohrbeck, Ann, Chem, Pharm, clzxzYiii. 229 ; Miller, ib, cc. 269. 

^ Brandea, Zeiteeh, Chem, 1866, 468. * Geuther, Jdhresh, 1865, 808. 
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the unattacked salt. This latter is removed by rubbing up 
the residue with water and barium carbonate, and isolating 
the acid from the resulting barium salt by the process just 
described. 

Acetoacetic acid is a thick, strongly acid liquid, which de- 
composes violently, even below 100®, into carbon dioxide and 
acetone ; and methyl-acetoacetic acid comports itself in an exactly 
corresponding manner.^ 

a-Amidopentoic Add, CH3.CH2.CH2.CH(NH2.)C02H, is ob- 
tained by the action of ammonia on a-brompentoic acid, and 
-crystallizes from water in long prismatic needles.* 

62g.y-6xypentoic Acid, CH3.CH(0H).CH2.CH2.C02H, is not 
known in the free state, but its anhydride -termed valerolactone 
has been prepared 

When allyl-acetic acid, CHg^rCH.CHg.CHg.COgH, is brought 
in contact with hydrobromic acid, combination takes place, 7-brom- 
pentoic acid being formed, and this when heated with water is 
converted into valerolactone.® It may be obtained more readily 
by acting on /9-acetylpropionic acid, CH3.CO.CH2.CH2.CO2H, 
with sodium amalgam and watei.^ It is a liquid possessing a 
weak but not unpleasant smOll, boiling at 206® — 207® and forming 
with water a neutral solution from which it may be withdrawn 
by ether. When boiled with baryta-water it yields barium 
oxypentoate, an amorphous substance like the similarly prepared 
calcium salt. Siher pentoate, is somewhat difficultly 

soluble in cold, though readily soluble in boiling water, and 
it crystallizes in asymmetric prisms. Valerolactone has the 
following constitution: 

CH,.CH.CH2.CH, 

X—io 

In addition to this several other lactones are known. The 
lowest member of the series is the anhydride of 7-ozybutyric acid, 
a body which has already been' described 169). The general - 
formula of these bodies is 

XCH.CHyCH, 

i—io 

^ CereBole^ Bet* DeuUch Chem, Oes. xv. 1826 and 1871* 

^ Gustin, Bull. Soc. Chim. Izxili. 8. 

’ Messerschmidt, Ann. Chem. Pharm. ccTiil 92. 

♦ Wolff, .^.ccviii. 104. ; . 
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in wiich X signifies hydrc^en or an alcohol radical. None of 
the acids corresponding to these lactones are known in the free 
state, but their salts are known, from which acids liberate the 
lactone.^ 

630 P-Acetylpropionic^ Add, CH3.CO.CH2.CH2.CO2H, was 
first prepared by Tollens and A. v. Grote by boiling cane-sugar 
with dilute sulphuric acid, and termed by him Imvulinio a/Ad^ 
Conrad then showed that this same acid is obtained by the 
decomposition of ethyl aceto-succinate with baryta-water : * 

CH3 

<!o 

c!h.CO.OCoH. + 2H,0 

I 

CH, 

I 

CO.OCaHj 

LoBvulinic acid is also easily formed when laevulose (laevo- 
rotatory grape-sugar) is boiled with dilute sulphuric acid or 
hydrochloric acid. In place of this sugar, such carbo-hydrates 
may be employed as yield this body on treatment with dilute 
acids.^ Milk-sugar and dextro-rotatory grape-sugar (dextrose) 
are, however, on the other hand only converted with difficulty 
into this acid.® Formic acid is always formed together with 
the above acid : 

A part of the sugar is, in this reaction, converted into a brown 
humus-like body, so that in the most favourable cases 100 parts 
of cane-sugar yield 14 parts of Isevulinic acid.® Usually, however, 
a much smaller yield is obtained (Grote, Eehrer and Tollens). 

Laevulinic acid is easily soluble in water, alcohol, and ether, 
and crystallizes in scales melting at 33°'6. It is very hygro- 
scopic, and traces of moisture lower its boiling point. Its specific 

^ Fittig, Am. Chem, Pharm. ccviii. 111. 

^ Am, Chem. Pharm. clzzv. 181 ; see also Grote, Eehrer and Tollens, 
ccTi. 207. * lb. clxxxviil. 222. 

^ Bente, Ber, Deeaaeh.Chem. Cke. Tiii..416; ix. 1167. 

* Grote and Tollens, Anm. Chem.' Pharm. cevi. 226 ; Bodewaldond Tollens, ib. 
cevL 23. 

* Conrad, Ber, IMach. Chem. Oea, xL 2178. 
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gravity is 1*186 at 15®, and it boilff with slight decomposition 
at 239®. When heated with hydriodic acid and amorphous 
phosphorus,^ or treated with sodium amalgam in acid solution,* 
it is reduced to normal pentoic acid. On oxidation with 
dilute nitric acid it yields succinic ^acid, acetic acid, oxalic 
acid, and carbon dioxide, and in addition hydrocyanic acid and 
ammonia* 

631 The laevulinatcs of the alkali metals are very soluble in 
water. The barium salt is amorphous. 

Calcium LomiUnate, (CgH 703 ) 2 Ca, crystallizes from water in 
easily soluble needles having a silky lustre. 

Zinc Lcevulinale, forms silver-white needles or 

scales, which are easily soluble in water and alcohol. 

Silver Lcemlinate, CjHjOjAg, is difficultly soluble in cold 
water, more soluble in hot water, and crystallizes in long six- 
sided tables. 

The ethereal salts of laevulinic acid are liquids which have 
a fruit-like smell. The following have been prepared (Grote, 
Kehrer and ToUens) : 




B.P. 

Sp. Gr. at 0* 

Methyl Isevulinate, 

C^H^CCHa)©, 

191°-5 

1-0684 

Ethyl laevulinate, 

0 A(C*H 3)03 

200°*5 

1-0325 

Propyl laevulinate, 

C3H,(C3H,)03 

215°5 

1-0103 


a-TruMoracypetUoio Add, CH3.CCl2.0HCl.CH(0H).C0jH. 
The nitril of this acid is fonued by the union of butyl chloral 
(p. 166) with hydrocyanic acid. It crystallizes in laminae, 
melting at 101® — 102°, and is difficultly soluble in water, but 
dissolves readily in alcohol.^ When heated with strong hydro- 
chloric acid the oxyacid is obtained, which is scarcely soluble 
in cold water, but is readily soluble in alcohol and ether. It 
crystallizes in gypsum-like tables which melt at 140°. When 
the alcoholic solution is saturated with hydrochloric acid, the 
ethyl salt is obtained, crystallizing in long prisms melting at 
40® and boiling with slight decomposition at 255°. 

' Kehrer and Tollens, Ann. Chm, Pharm. ccvi. 233. 

. * Fittig, ib. ccviii. 109. * Tollens, ib. ccvi. 267. 

‘ * Biscnoff and Pinner, Ann. Chm. Pham, clxziz. 97 ; Pinner and Klein, 
Ber. DaUaeh. Chm. Qu. xi. 1488. 
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Dibasic Acids, CgHgO^. 

632 Glutaric Acid, CO2H.CH2.CH2.CH2.CO2H, was first 
obtained by Dittmar by heating glutanic acid, C3Hfi(0H)(C02H)2T 
(to be hereafter described) with hydriodic acid, and termed by 
him desoxyglutanic acid} It is obtained synthetically when tri- 
methylene bromide (p. 130) is heated with potassium cyanide 
and alcohol, and the product boiled with potash.^ It is also 
formed when ethyl sodacetacetate, diluted with benzene, is treated 
with ethyl /8-iodopropionate, when tho ethyl salt of acetoglutaric 
acid is first formed, a slightly smelling oily liquid boiling at 
271° — 272°, and decomposed by caustic potash into glutaric and 
acetic acids and alcohol.^ 

Glutaric acid is easily soluble in water, alcohol, and ether, 
crystallizing in large monoclinic prisms melting at 97°*5, and 
boiling with slight decomposition at 302° — 304°, Of its salts, 
zinc glutarate, C5Hg04Zn, is specially characteristic. It crystal- 
lizes in needles and dissolves at 18° in 102 parts of water. 
When a saturated solution is heated, it separates out as a 
granular precipitate consisting of characteristic microscopic 
crystals. 

The ethyl salt, C5 Hq 04(C2H5)2, is a liquid boiling at 
236°-5— 237°. 

Glutaric Anhydride, C^HgOg, is formed by heating the acid 
for some time, or by treating the silver salt with acetyl chloride. 
It crystallizes from ether in long needles which melt at 56° — 67°, 
and. boils with partial decomposition at 282° — 287°.^ 

Amidoglntaric Acid, or Olutaminic Acid, C3H5(NH2)(C02H)2, 
is formed together with other compounds, when various albu- 
minoid substances are boiled with dilute sulphuric acid,® or with 
hydrochloric acid and tin dichloride.® Glutamine, the corre- 
^ spending homologous amide of asparagine, is found in beet-root,^ 
in the shoots of vetch ® and the pumpkin,® but has not been 

^ Jmr%, Prdkt. Chem, [2], y. 338. 

^ Julie Lermontow and Markownikow, Ann, Ghent, Phar/n, clxxxii. 341 ; 
Reboul, Ann, Chim, Phya, [5], xiv. 501. 

* Wislicenus and limpach, Ann, Ch&m, Pharm, cxcii. 128. 

^ Markownikow, Joum, Ruaa, Ghent, Gea, ix. 283. 

” Ritthausen, Joum, Prakt, Ghent, zeix. 454 ; ciii. 65 and 274 ; cyii. 208 ; [2], 
iii. 314. 

* Hlasiwetz and Habermann, Ann, Ghent, Pharm, clxix. 157. 

^ Schulze, Ber, Deutach, Gh&m, Gea, x. 85. 

* Gorup-Besauez,^ x. 780. 

* Schulze and Bali'bieri, Jowm, Praki, Ghent, [2], xx. 391. 
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obtained in the pure state from these. It is converted by boiling 
with hydrochloric acid into glutaminic acid. Glutaminic acid 
crystallizes in rhombic pyramids or sphenoids. It dissolves 
at 16® in 100 parts of water, is less soluble in spirit of wine, and 
does not dissolve in absolute alcohol. Its salts crystallize well, 
and it also combines with acids. 

633 a-Oxyglutaric Acid, or Olutanic Add, 03lIg(OII)(CO2H)2, 
was obtained by Ritthausen by the action of nitrous acid on gluta- 
minic acid.^ It is best to employ the hydrochlorate of this latter 
body, and to add the requisite quantity of potassium nitrite to 
its dilute solution, and, to complete the decomposition, nitrogen 
trioxide is led in. The liquid is evaporated on a water-bath, and 
the acid extracted with ether.^ Oxyglutaric acid occurs in 
molasses, being probably a product of decomposition of the 
glutaminic acid contained in the sugar-cane.® It is easily 
soluble in water, and forms small crystals melting at 72® — 73® 
and solidifying to a transparent mass. When the solution is 
neutralized with zinc carbonate and evaporated to a syrup, 
transparent four-sided tables separate out after a few days. 
These are converted by hot water into a difiScultly soluble 
pulverulent salt which cannot be again transformed into the 
soluble variety, and which is deposited from hot saturated 
solution in warty concretions or small needles having the 
composition C^H^OgZn + SHoO. 

fi'Oxyghdaric Add, C3Hr,(0H)(C02H)2, was obtained by 
Simpson, who termed it oxypyrotartaric add, by heating dichlor- 
hydrin, CH2C1.GH(0H).CH2C1 (see Glycerine), with alcohol and 
potassium cyanide, and boiling the product with caustic potash. 
It forms crystals easily soluble in water, alcohol, and ether, 
and melting at 135®.^ Its constitution is seen from its mode of 
formation, and as only two isomeric normal acids of this com- 
position can exist, that of the a-acid is thus also determined ; 


a-Oxyglutaric Acid. 
CH2.CO2H 


H. 

!H(0H).C08H. 


iS-Oxyglutaric Acid. 

CH».00»H 

I 

CH(OH) 

inyCOjH. 


^ Joum. PraJet, Chem. ciii. 230. 

* Markowoikow, Ann, Chem, Pharm, clxxxii. 348, 

* Von Lippmaiin, Bcr, Dmtsch, Chem, Gee. xv. 1156. 

* Proc, Boy, Soc, xiii. 44. 
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634 Pyrotartaric Acid, or Methylmccinw Acid, C02H.CH(CIl3). 
CHg-COgH. The history of this acid is to be found under the 
heading of Pyroracemic Acid. It is formed together with this 
body and other products, in the dry distillation of tartaric acid 
and its isomerides, as well as when these are heated with con- 
centrated hydrochloric acid to 180®.^ Its formation probably 
precedes that of the pyroracemic acid, as this latter acid, which 
heated either by itself to 170°, or with hydrochloric acid to 
100°,* also yields pyrotartaric acid. It is therefore also 
formed in the distillation of glyceric acid (p. 153). Simpson 
obtained it synthetically by heating propylene bromide with 
potassium cyanide and alcohol, and heating the j[yyrotartrmitril, 
CH3.CH(CN).CH2.CN, thus obtained with fuming hydrochloric 
acid.* This nitril is a liquid which boils at 252° — 254°, and on 
cooling crystallizes to colourless transparent prisms which melt 
at 12°.^ Wisliccmis prepared this acid from ^-brombutyric acid 
by heating the ethyl salt with potassium cyanide, and boiling 
the product with caustic potash.® Conrad then showed that it 
is formed when ethyl sodacetacetate is treated with ethyl 
a-brompropionate, when ethyl fi-methylacetosuccinate, boiling at 
259°, is formed, and this is decomposed by caustic potash into 
pyrotartaric acid.® It was obtained in the same way from ethyl 
a-methyliicetosticci'iiate, CH^CCCO.CHg) (C02.C2H5)CH2.C02.0gHg, 
a liquid boiling at 263°, and obtained by the action of methyl 
iodide on ethyl sodacetosuccinate.^ 

In order to prepare pyrotartaric acid, a mixture of tartaric acid 
and powdered pumice-stone * is distilled in the following way : 
400 grams of tartaric acid arc kept for 15 — 20 minutes in a state 
of fusion and then more strongly heated until acid vapours are 
evolved, mixed with 400 grams of hot pumice powder, and then 
the whole slowly distilled in a retort, the operation lasting jS 
or 9 hours.® The distillate is then dissolved in 3 to 4 times 
its bulk of water, and separated from the oily products by means 
of a moistened filter. The liquid is then evaporated on a water- 
bath and the coloured acid is recrystallized from dilute nitric 

^ Geuther and Riemann, ZeUscK Chem, 1869, 318. 

^ Clemiont, Ber, Deutach, Chem, Ges, yi. 92 ; Bottingcr. ib. ix. 837 and 1823. 

^ Phil. Trans, 1861, part i. p. 61 ; see also Claus, Ann. Chem, Pharm. cxci. 37. 

^ Pinner, Ber. Deutsch, Chem. Oes. xii. 2053. 

® ATm. Chem, Pharm, clxv. 93. 

® Ann. Cham. Pharm. clxxxviii. 227. 

^ Kressner, %b, cxcii. 138. 

® A™)e, Ann. CJ^am, Pharm, Ixvi. 73. 

® Becnamp, Compt. Bend. Ixx. 1000. 
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acid. The difficultly soluble acid potassium pyrotartrate is 
prepared from the mother-liquors, recrystallized from weak 
alcohol, decomposed by sulphuric acid, and the pyrotartaric acid 
extracted with ether.^ 

If tartaric acid be dissolved in an equal volume of acetic acid and 
evaporated over a naked flame until it becomes syrupy, and this 
allowed to stand, pyrotartaric acid crystallizes out in a few days.® 
If india-rubber be boiled with caustic potash, amongst other acids 
which are formed, 8 per cent of pyrotartaric acid is obtained.® 
Pyrotartaric acid crystallizes in small triclinic prisms which 
are grouped in stellar masses or warty concretions. It dissolves 
at 20® in 1'5 parts of water, and is also easily soluble in alcohol 
and ether. It has a cool purely acid taste, melts at 112®, and 
decomposes, wlien quickly heated above 200®, into water and the 
anhydride. If, however, it be exposed for a long time to a tem- 
perature of 200® — 210® small quantities of butyric acid and 
carbon dioxide are also formed.^ The latter products of decom- 
position are given off when the aqueous solution is exposed to 
sunlight in the presence of a uranic salt.^ 

635 Normal Potassium Pyrotartrate, C5lIg04K2 + 2H2O, is very 
easily soluble in water and crystallizes in flat prisms, which on 
exposure to dry air lose one molecule of water and are converted 
into warty masses consisting of microscopic needles. 

Acid Potassium Pyrotartrate, CgHgO^KH, is precipitated from 
the saturated solution of the foregoing salt by the acid in the 
form of a crystalline powder. It crystallizes from hot water in 
large transparent monoclinic prisms. 

Normal Calcium Pyrotartrate, C^HjjO^Ca+SHgO, crystallizes 
in microscopic four-sided prisms which 'dissolve in about 100 
parts of boiling water. If dissolved in the aqueous acid and 
the solution carefully evaporated, crystals of the compound ’ 
(C5H704)2Ca + 4C6H8O4 + 4H2O are deposited.® 

Normal Lead Pyrotartrate, C5H^04Pb + 2H2O, is very slightly 
soluble in cold water but dissolves more readily in boiling water 
and crystallizes in prisms. 

Silver Pyrotartrale, is a slimy precipitate, slightly 

soluble in hot water; it dissolves more readily in ammonia, 
from which it crystallizes in needles. 

' Bourgoin, Awn, Chim. Phys, [5], xii. 419. 

• Sacc, ZeitscJi. Cfhcm, 1870, 432. 

• Barth and Hlasiwetz, Ann, Chem, PJmrm, cxxxviii. 73. 

^ Claus, Ann, Chem, Pharm, cxci. 48. * Seekamp.. ih, cxxxiii. 263. 

• Arppc, Ann, Chem, Pharm. Ixvi. 73, xc, 138. 
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The solutions of the normal salts are precipitated with ferric 
chloride. 

Ethyl PyrotwAraU, is an oily liquid boiling 

with decomposition at 218”, possessing a burning bitter taste, and 
smelling like sweet flag.^ 

Pyrotartarie Anhydride, CgHgOj, is best obtained by heating 
the acid with phosphorus pentoxide.* It is an oily liquid boiling 
at 245® and is slowly dissolved by water. 

Oxypyrotartaric Add, or a-Methmysucdnic Acid, C 5 H 7 ( 0 H) 04 . 
This acid is formed when ethyl acctacetate is heated for 3 days 
with anhydrous hydrocyanic acid and the product boiled with 
hydrochloric acid : 

CH 3 CH 3 

i(OH)CN + HCl + SHgO = (!(0H)C0.0H + 

iHj.CO.OC2H6 CHgCO.OH 

NH^Cl + HO.C^Hy 

If the solution be allowed to evaporate over sulphuric acid, 
needles united in stellar groups are deposited. These melt at 
108®, are very deliquescent, and also easily soluble in alcohol 
and ether. When heated to 200® they decompose mainly into 
water and citraconic anhydride, a body which, together with 
various isomeric oxypyrotartaric acids, will be described under 
the head of Citric Acid. 

636 Ethyl Mcdonic Acid, CH 3 .CH 2 .CH(C 02 H) 2 . When the 
ethyl salt of a-brombutyric acid is heated with potassium mercuric 
cyanide to 130® the corresponding salt of a-cyanbutyric acid is 
obtained. This is an aromatic smelling liquid boiling at 209®, 
and on heating with hydrochloric acid or caustic potash is con-, 
verted into ethyl malonic acid.® This acid is easily soluble in 
water, alcohol, or ether, and crystallizes in rhombic prisms which 
melt at 111®*5 and decompose at 160® into carbon dioxide and 
butyric acid. Its calcium salt, CgHgO^Ca-f-HgO, crystallizes in 
prisms and dissolves more readily in cold than in hot water. 
Solutions of its normal salts are not precipitated by ferric 
chloride. 

* Gruner, NeuJoum. Pharm, xxiv. 55 ; Malaguti, ih, xxv. 272 ; Aippe, loe, eit, 

* Demar^y, Bull, 80 c, Chim, [2], zxvii. 120 j Morris, Jmrn, Clmn, Soc, 1880, 

i. 6. 

* Wislicenus and JJrech, Ann. Chem. Pharm, clxv. 93 ; Tupolew, ib, clxxi. 
28 ; Markownikow, ib. clxxzii. 329. 
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< The ethyl salt was obtained by ^arkownikow by the action 
of ethyl iodide on the $ilver sal% and Conrad prepared it from 
ethyl *malonate by ^ding 16 grams of tins substs^nce and 
20 grams of ethyl iodide to a solution of 2 3 parts of sodium in 
25 grams of "absolute alcohol) and then isolated the ethereal salt 
by fraction^ distillation. It is a mobile liquid which boils at 207*^ 
and at IS"* has a specific gravity of 1*008. ‘ When acted upon 
by chlorine it is converted into the ethyl salt of ethyl chlormalmiic 
add, CII3.CH2.CC1(C02C2H5>2> a liquid boiling at 228®. 

Ethyl Oocymalonic Add, or Ethyl Tartronic Add, CHgCHg. 
C(OH)(Cp^H)2, is formed by heating the chlorinated ethereal 
salt with baryta-water. It is crystalline, soluble in water, and 
melts' at 98®, decomposing at 180“ into carbon dioxide, and 
tt-oxybutyric acids, products which are also formed when the 
chlorinated ethereal salt is boiled for some time with dilute hydro- 
chloric acid in connection with an inverted condenser.^ 

Dimethyl Malonic Add, (0113)20 (COjH)2, was obtained by 
Markownikow by heating the ethyl salt of bromisobutyric 
acid with water and cyanide of potassium. The product is 
then treated with sulphuric acid and the impure cyaniso- 
butyric acid extracted by ether and decomposed by potash. 
The solution is then evaporated and after acidification treated 
with ether.® 

Dimethyl malonic acid is somewhat less easily soluble in water 
than its isomeric acids, and is difficultly soluble in alcohol. 
It crystallizes in four-sided prisms which sublime in feather-like 
needles at about 120“ and melt at 170°, when decomposition 
into carbon dioxide and isobutyric acid occurs. Its calcium 
salt is easily soluble in cold water, and separates out on 
warming, 

^ Ann, Chem, Pkarm, cciv. 134. 

® Guthzeit, Ber, Veutsch, Chem. Ges, xiv, 618, Ann, C/icin. Tharm. ceix. 
232. 

’ Ann, Chem, Pharm, clxxxU. 336. 
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637 Normal Hexylene^ exist in three isomeric forms : 

Butyl-ethylene, CH3.CH2.CH,.CH2.CH Zl CH^. 

Methyl-propyl-ethylene, CH 3 .CH 2 .CH 2 .CH — CH.CH 3 . 

Diethyl-ethylene, CH 3 .CH 2 .CH = CH.CH 2 .CH 3 . 

Of these only the second is known with certainty. This is 
easily obtained by heating secondary hexyl iodide with alcoholic 
potash.^ It is a liquid possessing a faint garlic-like smell, boiling 
under a pressure of 737°'9 at 67®, and having at 0 ® a specific 
gravity of 0*6997. If dissolved in a mixture of 1 volume of 
water and 3 volumes of sulphuric acid, and if water be then 
added, methyl-butyl carbinol separates out. It easily unites with 
hydriodic acid to form the corresponding iodide, and also com- 
bines slowly in the cold with hydrochloric acid to form secondary 
hexyl chloride. It is converted by oxidation into butyric and 
acetic acids.* 

An hexylene possessing the same composition is obtained 
when the mixture of monochlorides obtained from the normal" 
hexane derived from mannite is heated with potash and alcohol. 
At the. same time a mixture of methyl hexyl ethers is obtained.* 
On the other hand, hexane from petroleum yields together with 
the ethers a mixture of two hexylenes, one of which unites with 
hydrochloric acid to form a hexyl chloride boiling at 116® — 118®, 
the alcohol of which yields acetic and propionic acids on oxida- 
tion. This would show that a normal paraffin is mixed, with 
the hexane. The second hexylene does not combine with 
hydrochloric until it is heated to 130® — 140®, but the hexyl 

' Erlenxneyer and Wanklyn, Ann, Chem. Pharm, cxxxv. 141 ; Hecht, i6. 
clxv. 150. 

Hecht, Ber, Dcutach, Chem, Oes. xi. 1152; Domac, MonaUth, Chem, ii. 809. 

* Schorlemnier, Pr^. Boy, Soe, xxix. 364. 

VOL. III. S* 
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chloride thus obtained iar identical with that got from mannite.^ 
Probaljly this hexylene is the isomeric butyl-ethylene. 

two hexylenes have been found in the products of the distil- 
lation of pitch from Pechelbronn, possessing the same properties 
as those from petroleum.® 

l^UhyUpr(ypyUethylene Glycol^ C<jHj 2 (OH) 2 . This was first 
obtained by Wurtz by the same process as ethylene glycol.^ 
It is also formed by heating the bromide with dilute solution 
.‘Of carbonate of potash,^ or with dilute sulphuric acid.® It is 
a thick liquid soluble in water, boiling at 207^ and having at 
0®^ specific gravity of 0*9669. On oxidation it yields the same 
products a*8 the'olefine. When heated with hydrochloric acid it 
Jprms Ijie chlorhydrin, which is also produced by the union of 
hexylene with hypochlorous acid. This is a heavy colourless liquid 
which ‘decomposes on heating. Nascent hydrogen converts it 
into^methyl-butyl carbinol (Domac). Hence its constitution is 
C 3 Hy.ClICl.CH(OH)CHjj. When distilled with caustic potash 
it yields -hexyletio oxide, C^HjgO, a light pleasantly smelling 
liquid boiling ^ H6° (Wurtz). 

HexyUm Bromide, C^HjgBrg, is a strongly smelling oily liquid, 
boiling at 195® — 197®, and having a specific gravity at 0® of 
1-6058.® 'When heated with potash and alcohol 'bromliexyUne, 
CgHuBr, is formed, a liquid boiling at 138® — 141®, and having a 
spedfic'' gravity at 0® of 1-2205. 

d-EGiyl-dimettyl-ethyUne, C 2 H 5 (CH 3 )C — CILCHg, is formed 
as a by-product in the preparation of diethyl-methyl-carbinol, 
and also when its iodide is decomposed with alcoholic potash: - 



CH3.CH2V CH3.CH2\ 

CH3.CH2-CI = CH3.CH=C + HI. 

®CH3/ 


It is a liquid boiling at 69®*5 — 71®, and having a specific gravity 
at 0® of 0 698. K)n oxidation it yields acetic acid and ethyl- 
methyl ketone.^ 

fi-Elhyl dhnethyl-^thylene, CgHg.C ~ C(CH 3 ) 2 , is obtained in 
the pt^pamtion of dimetbyl-propyl-carbinol as well as by the 


' Morgan, Joum, Chem, Soc, N.S. xiii. 301 ; clxs^vil. 304; Schorlemmer, ib. 
806. , ' 

3 Le Bel, Bull. Soc. Chim, xviii. 167. 

* Ann. Chim, Phys. [4j, iii. 180. 

^ Hecht and Munier, Dtutsch, Olmn, Oca. xl 1154. 

^ Hecht, ih. xi. 1423. 

^ Hecht and Strauss, Ann. Cham. clxxii. 62. 

^ Tchaikowsky, Jahresh. 1872, 350 ; Jaweiii, Ann Chffin\ Pkarih. cxcv. 259. 
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action of caustic potash on the iodide. • It boils at 65° — 67°, ai^ 
at 0° has a specific gravity of 0*702. On oxidation it yields 
acetone and acetic and propionic acids.^ 

Psevdo-lutyl-dhyleTie, (CHaXC.CHziCHg, is formed by heating 
pinacolyl iodide (Part I. p. 633,) with water. It is a liquid boil- 
ing at 70°, and with bromine forming a crystallinejlibromi(re.® ,, 
Tetramethyl-ethylene, (CH3)2Cz:C(CH3)2, is formed by acting 
with alcohoHe potash on the iodide of isopropyl-dimethyl- 
carbinol. It is a liquid boiling at 73°, and haying a specific^ 
gravity at 0° of 0*712.^ On oxidation it yields acefene, together ^ 
with acetic acid and tertiary valeric acid. ' ^ 

638 TetramethyUethylene Olyzol, (CH3)2C(OH).O(0H)(CH3)2, 
was prepared by Fittig by acting with sodium on acetone, anth 
termed paracetone.^ Stiideler, who investigated it more 
gave to it the name oi pinacone, which it now usually ' bears 
(from m-lva^y a tablet), because it unites with water to form a 
compound crystallizing in large tablets,® Friedel thc4 showed 
that it is formed (together -with isopropyl alcohol) by .tbe ^tion 
of sodium amalgam on an aqueous solution of acetone.®* 


CHj CH3 

CH, CH, 

\/ 

\'/ 

CO 

C.OH 

+ 

= 1 

CO II 

C.OH 

/\ 

/\ * 

CHj, CHs 

CH, CH,. 


That it is obtained by the action of sodium alpne, with- 
out any addition of water, is accounted for by the* fact that, 
a part of the acetone is converted into mesityl oxide and phorbne 
with separation of water (see Part L, pp. 572, 573). 

Its formation from acetone renders it very probable that it is 
glycol of tetramethyl-ethyjene, and this is further proved by the 
fact that it is also formed when the dibromide of this olefine is 
treated with silver acetate, and the diacetate then decomposed hf 
baryta.^ In order to prepare it a solution of carbonaji of potash 
is made of such a ptrength that it does hot perceptibly dissolve 
any acetone, but reaidUy evolves hydrogen when sodium is' added. 

^ Jawein, Ann. Chem. Pliarm, cxcv. 255. 

^ Friedol and Silva, Jahreah. 1873, 339. 

* Pawlow, Ann^ Chem, Pharm. cxcvi. 124. 

^ Ann. Chem. Pharm. cx. 25 ; cxiv. 54. 

* Ann. Chem. Pharm. cxi. ^77. * Ih cxxiv. 329. 

Pawlow,* Chem, Pharm, cxcvi. 126. 

s* 2 
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To this is added three parts of acetone, and one part of sodium 
is gradually introduced in large pieces. The product is then 
separated by distillation into isopropyl alcohol and pinacone.^ 
This latter compound is contained in the product as the above- 
mentioned hydrate which decomposes by repeated fractional 
distillation into water and the glycol, which is a syrupy 
colourless liquid having at 15® a specific gravity of 0*96, and 
boiling at 176° — 177°. It does not solidify at 0°, but when 
placed in a dry atmosphere it passes into a snow-white crystalline 
mass. This solid modification melts at 35® — 38°, and boils at 
171® — 172®. The distillate soon solidifies again. It is easily 
soluble in alcohol and ether, and crystallizes from boiling 
sulphide of carbon in small needles.® It dissolves sparingly 
in cold and more readily in boiling water, and on cooling, 
pirmcoTM hydrate^ deposits in large four-sided 

tables which melt at 46°*5, and sublime at the ordinary 
temperature, volatilizing readily in a current of steam. On 
oxidation with chromic acid solution, pinacone first passes into 
acetone, and it is converted into pinacoline (Part I., p. 633) by 
the action of boiling dilute sulphuric acid. 

Tetra-methyl-ethyleiie Chloride, (CH3)2CCLCC1(CH3)2, is formed 
by the action of phosphorus oxychloride on pinacone. It forms 
white crystals which melt at 160°. A dichloride obtained by 
Schorlemmcr by acting on di-isopropyl with chlorine appears to 
.be identical with this substance.® 

TetrwmthyUethylew Bromide, (CH 3 ) 2 CBr.CBr(CH 3 ) 2 , is easily 
foimed by the union of bromine with the olefine. It crystal- 
lizes from ether in large well-formed needles which melt with 
clecomposition above 140® (Pawlow). 


OXYACIDS,C3Hi203, AND KETONIC ACIDS, 

639 OxycaproicAcid,oTLeiicicAcid,CB.^(CK2)^.CK(OiI).C02H., 
was first dScovered by Strecker by the action of nitrous acid on 
the corresponding amido-acid or leucine.* It was afterwards 
investigated by Waage ® and Thudichum.* Jt is easily soluble 
in water, alcohol; anef'^her, crystallizes in needles or prisms, 

1 Friedel and Silva, Jahreah, 1873, 840. 

^ linnemann, Ann, Chem, Pharm, Suppl. iii. 374. 

’ Friedel and Silva, Ber, Deutsch, Chem, Oes, vi. 85. 

^ Ann, Chem, Pharm, Ixviii. 55 ; see also Gossmann, ib^ xci. 135. 

® Ib, cxvjdi. 295. • Quart, Journ, Chem, Soe, xiv. 807. 
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melts at 73®, and begins to sublime at 100®. When heated for 
some time it is converted into the anhydride, a syrup insoluble 
in water. 

Its salts as a rule crystallize well. Zinc leucate^ 

Zn -h HgO, forms colourless plates, and dissolves at 16® in 300 
parts of water; it is rather more soluble in boiling water, 
and still more soluble in alcohol. Copper lecucate, (CflHiiOg)2Cu, 
is also difficultly soluble in water, and crystallizes , from alcohol 
in light blue plates. Silver leucate, CgH^^OgAg, is deposited 
from hot water in colourless crystals. 

Amidocaproie Acid, or Leucine, C5Hi^(NH2).C02B, was first 
prepared by Proust, in 1818, from decomposing cheese, and 
described by him as '' oxide cas(Seux.” ^ Two years afterwards, 
Braconnot, by the action of sulphuric acid on muscular fibre, 
glue, and other animal substances, obtained, together with 
glycocoll (“ sucre de gelatine ” or amidoacetic acid) une matifere 
blanche particulifcre,'* which he termed leucine, from Xev;^o9, 
white.® Mulder then showed, in 1838, that leucine is identical 
with Proust's compound, and that it not only is fotmed in the 
putrefaction of casein, and by the action of sulphuric acid on 
albumen, muscular tissue, etc., but also when these bodies are 
heated with caustic potash.® 

Later investigations have shown that all substances belonging 
to the group of albuminoids or other nearly-related substances 
yield not only the above two amido-acids but a third to' 
which the name of tyrosine or oxyphenylamidopropionic acid, 
0^114(0 H)C2H3(NH2)C02H, is given; and that leucine fre- 
quently occurs either as a normal or pathological product of 
metabolism.* It has been found in the liver, spleen, pancreas, 
lungs, &c., as well as in the lower forms of animal life, such as 
crayfish, spiders, caterpillars, pupm of butterflies, &c. Accord-, 
ing to Gorup-Besanez it also occurs in the vegetable king- 
dom, and, together with asparagin (amidosuccinainic acid), in 
the white sprouts of vetch. He showed also that t])^ substance 
found by Reinsch in Chenepodium album, is, in fact, leucine.® 
Schulze and Barbieri found it, together with tyrosine, aspartic 
and glutamic acids, in the pumpkin.® ^Thesc different amido- 

^ Ann, Chim, Phys. x. 40. 

* Ann, Chim, Phya, xiii. 119. 

® Joum, PraJet, Ghem. xvi. 290. 

^ Frerichs and Stadeler, Jdhreab, 1856, 702 ; Gonip-Besancz, Ann, Chetn. 
Pharm, xcviii. 1 ; Cloetto, ih, xeix. 289 ; Stadeler, ih, exvi. 60. 

* Ber, Dmtaeh, Cktin, Oes, yii. 146, 569 ; see also Cossa, ib, viii. 1857. 

•/Axi, 1233. 
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acids also occur in yeast, having their origin, as in other cases, 
in the decomposition of albuminoids. 

Preparation, Clippings of horn serve as a convenient material 
for the preparation of leucine.^ According to Schwanert one 
kilogram of this is boiled with a mixture of 2^ kilos, of sulphuric 
acid and 6 J kilos, of water for twenty-four hours, the evaporated 
water being from time to time replaced. The hot liquid is then 
neutralized with ,lime, filtered, and evaporated down to 6 kilos.s 
the lime contained in the liquid precipitated with oxalic acid, 
and the residue concentrated in order to allow the leucine and 
tyrosine tp crystallize out. The latter substance is more difficultly 
soluble than leucine. It is, therefore, separated by recrystalliza- 
tion, and the leucine purified by crystallization from alcoholic 
ammonia (Huppert). The yield is about 10 per cent, of the 
weight of the horn. A larger yield may be obtained from the 
cervical ligament of the ox. This is boiled out with dilute acetic 
acid, dried at 100"*, and then boiled for three hours with a mixture 
of two parts of sulphuric acid and three parts of water ; the yield 
amounts to from 36 to 45 per cent, of the dried substance.^ 

640 Properties, Leucine dissolves in 48*8 parts of water at 
12® (Hlifner), and is more soluble in hot water, but is only very 
slightly soluble in alcohol and insoluble in ether. It crystallizes 
in thin pearly nacreous laminae or scales which are wetted by 
water with difficulty. If not perfectly pure it separates out in 
concentric nodules which are seen to consist of concentrically 
grouped, highly-refracting needles, having under the microscope 
the appearance shown in figs. 108 and 109. When carefully 
heated in a tube open at both ends, it sublimes in light flocks 
resembling zinc oxide (Jana philosophica) obtained by burning 
the metal in the air. Sublimed leucine consists of very thin 
scales massed together in a rosette-like form as shown in fig. 110. 
When leucine is heated in a retort it melts at 170® to form a light 
brown sticky mass which decomposes at 180®, yielding chiefly 
pentylamine and carbon dioxide. If fused with caustic potash, 
pentoic acid, h}’drogen, ammonia, and carbon dioxide are obtained 
(Liebig) ; and when heated with fuming hydriodic acid to 140® 
it is converted into caproic acid and ammonia.^ A characteristic 
reaction for leudne is that when heated with nitric acid on 
platinum foil a colourless residue is left which is coloured yellow 

* 1 Hinterberger, Ann, Chem. Pharm Ixxi. 72. 

# - Erlenmeyer and Schoffer, 1859, M6. 

® Hiifner, Zeitach, Ckem, 1868, 391. 
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on addition of caustic soda, and on careful evaporation this 
forms an oily drop which does not wet the platinum.’ An 
aqueous solution of leucine is coloured deep red by ferric 
chloride. Like glycocoll it forms easily soluble salts with 
acids, and combines with the nitrates of silver, calcium, 
magnesium, &c 



Fig. 110. 


Amongst its metallic compounds the copper salt is the most 
characteristic. 

Cojpper Amidomproate, [C5Hiq(NH2)C02]2Cu, is obtained by 
dissolving copper hydroxide in a boiling solution of leucine. It 
forms light blue scales dissolving in 3045 parts of cold and 1460 
parts of boiling water.® 

Scherer, Jahresh, 1867, 641. 

' ® Hofmeister, Liebig's Ann, clxxxix. 16. ^ 
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64Z According to Hufner leucine can be obtained from normal 
caproic acid, by converting into the monobrominated acid, and 
heating this with ammonia. On careful comparison no difference 
could be observed between this artificial and the natural leucine.^ 
Nevertheless, they do not appear to be identical, for when mono- 
bromcaproic acid is heated with a solution of carbonate of soda 
it yields an oxycaproic acid different from leucic acid. This 
oxycaproic acid forms a stellated or nodular crystalline mass, 
and melts at 60 ® — 62 ®. Chromic acid solution oxidizes it to 
pentoic acid. Zinc oxycaproate, (C^HiiOjj)gZn + 2H2O, is a 
flocculent precipitate which dissolves at 16 ® in 681 parts 
of water, and crystallizes from alcohol in fine silky needles. 
The other salts of this acid differ from the corresponding 
leucates .2 The cause of the isomerism of these two acids has 
yet to be explained. 

Leucinimidc, C^HjjCH.CO. This body occurs* together with 

mi 

leucine and the above-named amido-acids as a product of 
decomposition of the albuminoids.® It was first observed by 
Bopp,^ who, however, did not investigate it further. It crystal- 
lizes ill microscopic rhombic needles difficultly soluble in boiling 
and insoluble in cold water, but soluble in cold alcohol. On 
heating it melts, and sublimes in light flocculie and it is un- 
altered by acids or alkalis.® 

Oxyisocaproic Acid, (CH3)3CH.CH2CH(OH).COgjI-L The iiitril 
of this acid is formed by the combination of hydrocyanic acid 
and valeraldehyde, and is a light, oily, peculiarly-smelling liquid, 
which when heated again decomposes into its constituents. 
Fuming hydrochloric acid decomposes it into sal-ammoniac 
and the oxyacid, which forms crystalline scales, melting at 
54 ° — 55 °, and on oxidation yielding valeraldehyde and valeric 
acid.® 

Amido-isocaproic Acid, or Isoleucine, (CH3)2CH.CH2.CH(NH2) 
CO2H. This body was obtained by Limpricht by acting 
with hydrocyanic and hydrochloric acids on valeraldehyde- 


^ Jmm, Iraki, Chem, [2], i. 6. 

- Jelisafow and Beilstein, Org, Chem, 435. 

> Hesse and limpricht, Ann, Chem, Pharm, czvi. 201 ; Erlenmeyei, ib, cxix. 
17 ; Hlasiwetz and Habermann, ib, clix. 328. 

^ Ih, Ixix. 20. 

® Thudicimm, Jmm, Chem, Soc. f2], viii. 409. j 

* Erlenm^r and Sigel, Ber, Deutach, Chem, Qea, vii. 1100 ; Ley, ib, x. 231. 
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ammonia.^ In order to prepare it, two parts of the latter 
compound, which must be pure, and one part of aqueous 
hydrocyanic acid are allowed to stand overnight, and then an 
excess of hydrochloric acid added, and the whole boiled for 
some time.2 Isoleucine closely resembles leucine, the compounds 
of these two bodies being so similar that the former substance 
was for a long time considered to be leucine. It is distinguished, 
however, from the latter body, inasmuch as at 12° it requires for 
solution 117 '5 parts of water. 

Isolcudniniide (CH3)2CH.CH2.CH.CO, is formed, when the 

\h 

foregoing compound is heated in a current of liydrochloric acid 
to 220° — 230°.'* It crystallizes from hot alcohol in fine needles 
which, when heated, sublime in flocks without melting. It is 
scarcely soluble, even on boiling, in water, ammonia, caustic 
potash, or dilute acids. 

642 DktkyUoxyacetic Acid, (C2Hg)2C(0H).C02H. This acid, 
which was formerly believed to be leucic acid, and is usually 
called diethjl-oxalic acid, was discovered by Frankland^ and 
investigated by himself and Duppa.® Its ethyl salt is formed 
by the action of zinc-ethyl on ethyl oxalate. Instead of zinc- 
ethyl, ethyl iodide and zinc may also bo used. The 1116 tal 
should in this case be slightly amalgamated by dipping it for 
a short time in a weak solution of corrosive sublimate,® All the 
materials used must, of course, be anhydrous. To 191 grams of 
ethyl oxalate 409 grams of ethyl iodide are taken together with 
an excess of zinc, and to this about 5 grams of zinc-ethyl and 
10 grams of ether are added, by which means the action is 
accelerated, and a better yield is obtained. The action is not 
assisted when a larger quantity of zinc-ethyl is used.^ Tlie 
mixture is heated in the water-bath to 60° — 70°, until after a 
lapse of 12-15 hours a yellowish thick semi-crystalline mass is 
formed. The following represents the reaction: 


C0.0C2H, 

I + 2Zn. 

CO.OC2H5 ^C2H5 


C.A c A 

\j_0— ZnCgH. + Zn 

I 

CO.OG2H5. 


/CA 


^ Ann, Cheftn, Phann. xciv. 243. * Hiifner, Joum, Prakt. Chem, [2], i. 6. 

® Kohler, Ann, Chem, Pharm, cxxxiv. 367. 

^ Proc. iZoj/. Soc, xiL 396. * Ih, xiv, 17 ; Chem, Soc, Joum. [2], iii. 183, 

® Fittig, Ann. Cl\l^. Pharm. cc. 21. 

^ Chapman ond Smith, Joum. Chem, Soc. [2], v. 173. 
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If water be added to the product of this reaction, ethane is 
evolved, and tha ethereal salt of diethyl oxalic acid separates 
out: 

c— O— ZnO^Hj + 2H^O = ClOH + C^Ha + Zn(OII) 

io.OCaHs io.OCjHa. 

The ethereal salt is distilled off in a current of steam and purified 
by fractional distillation. In order to obtain the free acid the salt 
is heated w'ith baryta solution, and the baryta-salt precipitated 
with dilute sulphuric acid. The free acid is also obtained by 
heating the ethereal salt with hydrochloric acid to 110° This dis- 
solves in 2*85 parts of water at 17°*5,^ and forms triclinic sapon- 
aceous crystals which, according to Duppa and Frankland, melt 
at 74°*5, and according to Haushofer at 80®,*^ but begin to sublime 
at 50®. Chromic acid solution oxidizes this substance to diethyl- 
ketone, carbon dioxide, and water (Chapman and Smith). 

The most characteristic of the salts is diethyl-oocyacctate 
(C^Hii03)2Zn, crystallizing in needles or scales, dissolving at 16® 
in 301 parts of water, and therefore possessing the same solu- 
bility at this temperature as zinc leucate. But whilst the latter 
salt is more easily soluble in boiling water, the reverse is the 
case with the salt just described. 

643 Ethyl DiethyUoxyacetcute (C2H^)2C(OH).CO.OC2H5. This 
is a colourless oily liquid, boiling at 175°, having a specific 
gravity at 18®*7 of 0*9613, whilst that of its vapour is 5'36. It 
possesses a sharp taste and a penetrating ethereal smell. It 
is formed by the reactions just described, and also when zinc- 
ethyl acts upon the chloride of ethyl-oxalic acid and the 
product is heated with water.* Frankland and Duppa have also 
described the following ethers : 

B.P. Sp. Gr. at 

Methyl diethyl-oxyacetate, C3H11O3.CH3 165° 0*9866 16°*5 

Amyl diethyl-oxyacetate, CgHjiOg.CgHn 225® 0.9323 13° 

Other bodies belonging to the group of the oxycaproic acids will 
be afterwards described. 

^ Geuther and Wackenrodcr, ZeUseh. Chem, 1867, 705. 

* Haushofer, Z&itsch, KrysL i. 619. , 

* Henry, Ber, Dmtsch. Clus^n, Qes, v. 049. 
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The ketonic acids obtained by this reaction are not known in 
the free state, though their ethereal salts have been prepared. 

Ethyl PropionyUpropionate, CH 3 .CH 2 .CO.CH 2 .CH 2 .CO 2 C 2 H 5 , 
is formed by the action of sodium on ethyl propionate, the 
product being treated with acetic acid. It is a pleasantly 
smelling liquid boiling at 199°, having a specific gravity at 0° 
of 0’9948, and not yielding any coloration of ferric chloride.^ 

The following compounds have also been obtained by the 
aceto-acetic acid reaction : 


2 Ethyldimethyl-acetacetate, 

CH3.C0.C(CH3)2C02.C2H3 

® Methylethyl-acetacetate, 

CH3.C0.CH(C2H3)C02.CH3 

^ Ethylethyl-acetacetate, 

CH3.C0.CH(C2H3)C02.C2H, 

^ Amylethyl-acetacetate, 

CH3.CO.CH(C2H3).CO.C3Hi, 


B.r. 

184° 

189°7 

198° 

235° 


Sp. Gr. 
09913 
0-995 
0*998 
0-937 


at 

16° 

14° 

12 ° 

26° 


The ethyl salt of ethyl-acetacetic acid is converted by the 
action of sodium amalgam and water into Ethyl-^-oocylrntyric 
acid, CH 8 .CH( 0 H).CH(C 2 H 3 ).C 02 H. This forms a syrup, 
and on standing in a vacuum is converted into an anhydride- 
compound.® 


ACIDS HAVING THE FORMULA 

644 Adipic Acid, C4Hg(C02H)2. Laurent, in 1837, pointed 
out that when oleic acid, Ci 8 H 3 ^ 02 , is oxidized, a series* of 
dibasic acids are formed, to which he gave the names lipinic acid, 
C 6 H 8 O 4 ; adipic acid, pimelic acid, ; suberic 

acid, ; and azelaic acid, C 3 H 13 O 4 J Bromeis carried 

on similar experiments with stearic acid and oleic acid, and 
obtained succinic acid in addition to the above.® Further 


^ Hellon and Oppenheim, Ber, Detitsch, Chem, Oes. z. 699. 

® Vrankland and Duppa, Phil, Tra'tis, 1866, 37. 

^ Brandes, ZeUach. Chem, 1866, 457. 

^ Geuther, Jahre^, 1863, 324; Frankland and Duppa, loc, cit, ; Wislicenus,* 
Ann, Chem, Pharm, clxzxvi. 187 ; Miller, ib, cc. 281. 

^ Conrad, ib, clxzzvi. 228. * W’aldsclimidt, ih, clxxxviii. 240. 

7 Ann, Cldm, Ph^s, Ixvi. 154. ^ Ann, Chem, Pharm, zxzv. 86. 



268 


THE HEXYLENE COMPOUNDa 


research showed that spermaceti,^ tallow,* and wax,® yield 
chiefly adipic acid, and lastly Wurtz, by oxidizing the solid fatty 
acids of cocoa-nut oil obtained not only the products observed 
by Laurent and Bromeis, but also oxalic acid. Still the exist- 
ence of several of these acids remained doubtful until the 
investigations of Arppe. This chemist discovered methods by 
which these acids can be completely separated one from the 
other, as was not formerly the case. Arppe showed that 
lipinic and pimelic acid do not occur in the products of the 
oxidation of fats, but that the substances supposed to be 
these acids are really mixtures. He proved, moreover, that 
the pure acids all crystallize perfectly well, these having 
previously only been obtained in crystalline crusts or warty 
concretions.^ According to the former methods for preparing 
adipic acid, the higher homologues which are more difficultly 
soluble in water are separated by crystallization, and the 
adipic acid obtained by concentrating the mother-liquor, and 
further purifying by recrystallization. According to Arppe 
adipic acid is formed, together with suberic acid and azelaic 
acid, from sebacic acid Ci 0 HigO 4 , which itself is first produced 
by the oxidation of the fatty acids as well as by other reactions. 
This body serves, therefore, as the best means of obtaining 
adipic acid, succinic acid being the only other body which is 
formed at the same time. For this preparation, sebacic acid is 
boiled with nitric acid until it has been converted into a mix- 
ture of the two acids, which are soluble in water. The nitric 
acid is then evaporated off and the adipic acid crystallized out 
from water. It is then fused, the solidified mass powdered 
and treated with ether which dissolves the acid, whilst a little 
succinic acid remains behind. 

Adipic acid was prepared synthetically by Wislicenus by treat- 
ing B-iodopropionic acid, CH 2 l.CH 5 ^.C 02 H, with finely divided 
silver. This shows that it is the normal compound,® It 
dissolves in about 18 parts of cold water, and much more readily 
in hot water, alcohol, and ether, and crystallizes in laminas or 
flattened needles, melting at 148® — 149®. 

The salts of adipic acid have been investigated by Arppe. Of 


' Sillim, Jmrn. xliiL 301 ; Smitli, ih, xlii. 252. 
3 Malaguti, Ann, Ohim. Phya. [3], xvi. 84. 

^ 9 . Gerhard t, J£ev, Scient. xiii. 3G2. 

^ Jahreah, 1864, 377. , 

^ Ann, Chem, Pharm, cxlix. 221. 
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these ammonium adipate is the most characteristic, depositing 
in monoclinic crystals resembling those of aiigite. 

Ethyl Adipate, 0^113(002.02115)9., was firat observed by Malaguti 
in the products of the action of hydrochloric acid on an alcoholic 
solution of impure adipic acid. It is described a§ an oily liquid 
having a strong smell of apples. According to Arppe it boils 
without decomposition at 245®. 

645 Substitution-products of Adipic Acid, Mono- and dibrom- 
adipic acids are obtained by tlie action of bromine. The first when 
heated with alkalis yields adipomalic acid, C4H7(OH)(C02H)2, 
forming a syrup which gradually crystallizes. Its lead salt is a 
precipitate which, like the corresponding malate, melts under 
boiling water. The dibromadipic acid yields, on heating with 
water to 150®, adipotartaric acid, C4H(j(0H)2(C02H)2, a body 
crystallizing from boiling water in monoclinic tables, and forming 
a difficultly soluble acid potassium salt.^ 

The following acids isomeric with adipic acid have been 
obtained from ethyl acetacetate : 

M.P. 

C2H5.CH.CO2H 

2 Ethyl succinic acid, ( Fine prisms. 98® 

CHg-COgH 

(CH3)2C.C02H 

^ a-Dimethyl-succinic acid, | Needles. 74° 

CH2.CO2H 

CH.,.CH.C02H 

^ ;9-Dimethyl-succinic acid, ’ | Crystals. 165 167® 

CH3.CH.CO2H 

CH3.CH.CO2H 

^ a-Methvl-glutaric acid, | Crystals. 76® 

CH„CH,,CO,H. 

/S-methyl-succinic acid is also formed when a-brompropionic 
acid is* heated with finely divided silver.® 


^ Gal and Gay-Lussac, Compt, JUnd, Izx. 1175. 
^ Iluggenberg, Ann, Chem. Pharm. cicli. 148. 

* Tate, Inatigural Dia, Wtiraburg, 1880. 

* Hardtmuth, Ann, Chem, Pliarm, cxcii. 143. 
® Wisliceniis and Limpricht, ih, cxcii. 134, 

^ Wislkenus, Ber, Dmtach, Chem, Gea, ii. 720. 
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The following acids hare been obtained from ethyl malonate : 

M.P 

/COaH 

^ Methyl-ethyl-malonic acid, Prisms. 118® 

CjH/ ^COaH 

CH3 ^ /COaH 

® Isopropyl-malonic acid, .CH — CH. Prisms. 87° 

CB/ ^COaH 

® Propyl-malonic acid, C 8 H 7 .CH<^qq 2 ^ Tables 96° 

JHinethyUdioieysuGcinic Acid, or Dimethyl-tartaric Add, 
CHa.C(OH).COalI 
CH8.i(OH).COaH, 

is formed together with lactic acid by the action of zinc on an 
alcoholic solution of pyroracemic acid. The acid obtained from 
the insoluble zinc salt remains as a syrup on evaporating its 
solution. The characteristic calcium salt is a crystalline almost 
insoluble precipitate.^ 


^ Conrad and Bischoff, Ann. Cham. PJiarm, cciv. 146. 

Ih. 144. » Loc cit. 

* Bbttinger, Ann» Chcm, Pharm, clxxxviii. 315, 
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646 Normal Heptylene^ G 7 Hi 4 , can exist in three isomeric forms. 
Of these Limpriclit has obtained pentyUethylme, CgHi^.CHZICHg, 
from mnanthol by treating it with phosphorus pentachloride and 
decomposing with sodium the oenanthidene dichloride, CyH^^Clg, 
thus obtained, which is a liquid boiling at 191®. 

Pentyl ethylene is a liquid possessing an alliaceous smell and 
boiling at 95®. Tlie heptylene obtained from Pinus sahiniana is 
a similar liquid boiling at 98®. On oxidation it is split up into 
acetic and pentoic acids, and it is consequently methyUUttyL 
ethylene, OH3.CH--CH.O4Hg (Schorlemmer and Thorpe). 

Isoheptylene, (CH 3 ) 2 C 5 Hg. If the mixture of primary and 
secondary heptyl chloride obtained by the action of chlorine on 
isoheptane be boiled with potassium acetate and glacial acetic 
acid, an heptylene is obtained in addition to the corresponding 
acetates. This boils at 91®, and combines almost entirely with 
hydrochloric acid in the cold,^ and is probably identical with the 
heptylene obtained from methyl-amyl-carbinol by decomposing 
its iodide with alcoholic potash.* 

DiethyUmethyl-ethylene, C 2 Hg.CHZlC(CH 3 )C 2 H 3 , is a liquid 
boiling between 90® and 95®, obtained from methyl-ethyl-propyl- 
carbinol, whilst methyl-ethyl-isopropyl-carbinol yields ethyl- 
trimethyl-ethylene (CH 3 ) 2 .C ZI C(CH 3 )C 2 H 5 , a body boiling at 
between 75® and 80®.* 

Bimethyl-isopropyl-etliylene, (CH 3 ) 2 C.“CH.CH(CH 3 ) 2 , was ob- 
tained first by Markownikow by heating oxyisocaproic acid, 
(C 3 Hy) 2 (C 0 H)C 02 H, with water and a little sulphuric acid to 
180®.* Pawlow obtained it from dimethyl-isobutyl-carbinol.® 
It boils at 83® — 84®, has a specific gravity at 0® of 07144, and 

' Grimshaw, Chem, Soe, Joum, [2], xi. C09 : Schorlemmer, ih, 323. 

^ Rohn, cxc. 314. 

J Pawlow, Ber. Dmtach, Chem, Oea, ix. 1311. 

^ Zeitaeh, Chem, 1870, 518 ; 1871, 268. 

® Ann, Chem^Pharm, clxxvii. 194. 
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combines readily with hydriodic acid to form the iodide of the 
tertiary alcohol. 

THmethylcarlyl-methyUethylene, (CH 3 )C 3 .C(CHg) “ CHg, was 
obtained by Butlerow by heating pentamethyl-ethyl iodide with 
alcoholic potash. It boils at 75°— 80®, smells like camphor and 
oil of turpentine, and combines readily again with hydriodic acid 
to form the tertiary iodide. When left in contact with water to 
which a small quantity of alcohol and nitric acid has been added, 
it forms pentamethyl-ethol (Part I., p. 645).^ 

OXYACIDS HAVING THE FORMULA 

M.P. 

* Oxyoenanthylic acid, 05 Hi^.CH( 0 H)C 02 H Prisms. 65® 

® Amyl-hydroxalic aci^ (CHg) 2 C 3 H 5 . 0 H( 0 H)C 02 H Scales. 60® *5 

* Methyl-ethyl-oxybutyric acid, 

/CH 

CH 3 .CH( 0 H)C— COgH Syrup. — 

^CgHg 

® Methyl-propyl-ethylene-lactic acid, 

g^>C( 0 H).CH 2 .C 02 H Syrup. — 

3 7 

* Diethyl-ethylene-lactic acid, 

(C 2 Hj)ijO(OH)CH,.CO,H Needles. 71-73“ 

KETONIC ACID, 

B.P. 

/OH, 

’’ Ethyl methyl-ethyl-acetacetate, CHg.CO.C— . 198“ 

\OgH 5 

* Ethyl isopropyl-acetacetate, CHjCO.CH^qq 201“ 

647 The first of these compounds yields a violet colour with 
ferric chloride, and on heating with sodium ethylate free from 
alcohol, forms together with ethyl acetate the ethyl salt of 
methyl-ethyl-acetic acid. The second salt yields a pale reddish 
violet colour with ferric chloride.® 

^ Butlerow, Ber, DetUsch, Chem, Oes, viii 166. 

> Helms, ib. yiii. 1169 ; Ley, i 6 . z. 2S1. 

* Frankland and Duraa, Proc, Boy, Soe, ziv. 191. 

^ Saur, Ann. Ohm. PAam. clzxxyiiL 257. 

* Zemlianicin, Ber, Domtoch. Ohm. Ots. zii. 2375. * Schirokow, id. 

^ Saur, loe. cit, * Frankland and Duppa, Joum. Ohm. Soe, [jl], v. 102. 

* Demarcay, Bull. Soe, Ohim. zzyii. 224. 
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DIBASIC ACIDS, CyHioO^. 

648 Pimdie Add, C5Hio(C02H)2. It has already been stated 
that Laurent believed that he found an acid of this conrposition 
amongst the oxidation products of oleic acid, whilst other 
chemists obtained the same acid by the oxidation of other 
fatty acids or fats, and also that Arppe showed that the substance 
thus obtained is a mixture of adipic and suberic acids. An acid 
having the above composition is, however, obtained by fusing 
camphoric acid, C8Hi^(C02H)2, with caustic potash* and the 
name of pimelic acid, which was suggested by Laurent, has been 
retained for this body.^ It forms crystalline crusts or triclinic 
crystals which melt at 114®, and are very soluble in water, 
alcohol, and ether. The calcium salt is a characteristic one. It 
is difficultly soluble in cold, and even less soluble in boiling water, 
and hence, on warming the cold saturated solution, the salt 
precipitates as a crystalline powder. On distillation, the acid 
decomposes into water and the anhydride C^Hj^Og, a thick oily 
liquid which boils at 243°-250®. Pimelic acid is probably 
isopropylmcdnic add (CH3)2.GH.CH(C02H).CH2.C02H.® 

a-Pvtndic Add is formed by the oxidation of suberone, 
0^11^20, with nitric acid ® as well as by heating furonic acid, 
CyH^Og, with hydriodic acid and amorphous phosphorus.* It 
crystallizes from hot water in large thin rhombic tables, and 
from benzene in fine long needles, which melt at 100® and 
volatilize without decomposition. Its calcium salt is also less 
soluble in hot than in cold water, and separates on heating the 
cold saturated solution as a granular crystalline precipitate. 

» Isopimelic Add was obtained from common amylene, which 
as has been stated is a mixture of isomeric olefines, by com- 
bining it with bromine and heating the product with potassium 
cyanide and alcohol. It is easily soluble in water, alcohol, and 
ether, crystallizes in rhombic needles concentrically grouped, 
and melts at 104®. The difficultly soluble calcium salt is also 
characteristic, as its solubility increases to begin with, on rise 
of temperature, and then gradually diminishes.^ 

^ Hlasiwetz and Grabowsky, Ann, Chem, Phann, cxlv. 207 ; Kachler, ih, 
clxix. ids. 

* Waltz, Ann. Chem, Pharm, ecziy. 58. 

* Dale and Sehorlemmer, Chem, Soe, Trane, 1879, 633. , * 

^ Baeyer, Per, Xkuteeh, Chem, Qea, z. 1358. 

* Batter and SchulBr, Wien, Akad, Ber, Izxvii. 2S9. 
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Diethyl-malmic Acid, (C 2 H 5 ) 2 C(C 02 H) 2 . The ethyl salt of 
this acid is formed when one molecule of ethyl malonate is treated 
with an alcoholic solution of two molecules of sodium malonate 
and two molecules of ethyl iodide. It is an oily liquid having a 
faint but pleasant smell, and boiling at 223°. The acid obtained 
from this is easily soluble in water, alcohol, and ether, and crystal- 
lizes in prisms which melt at 121 °. When it is neutralized with 
ammonia and calcium chloride added, a crystalline precii)itate is 
formed only when the solution is very concentrated, the separa- 
tion of which is accelerated by warmth.^ 

Tsohutyl-malonic Acid, (CH 3 ) 2 C 2 H 3 .CH(C 02 H) 2 . By the action 
of isobutyl iodide on ethyl sod-malonate, ethyl isobutyl- 
-inalomite is obtained. This liquid boils at 225°. The acid 
prepared from this is crystalline, easily soluble in water, alcohol, 
and ethey, and melts at 107°. The solution neutralized with 
ammonia yields a crystalline precipitate with calcium chloride. 
By the action of chlorine on the ethyl salt a monochlorinated 
ethereal salt, (CH 3 ) 2 C 2 ir 3 .CCl(C 02 .C 2 Hg) 2 , is obtained, boiling be- 
tween 245° and 247°. When treated with alcoholic caustic potash 
isohiityhxymalonic acid, or isohutyl-lartronic acid, ( 0113 ) 202113 . 
C( 0 H)(C 02 H) 2 , is obtained, a crystalline body which is 
highly liygroscopic and deliquescent, and melts at 110° — 114°. 
When heated to 180° it decomposes into carbon dioxide and 
oxyisocaproic acid.® 

Isopropylmcdnic acid, C 02 H.CH[(CH 3 ) 2 C H] OBg-CO^H, is 
prepared by the acetacetic reaction ; it is readily soluble in 
water, crystallizes well, and melts at ] 1 4°.^ 

* Conrad, Ann, Chmn. Phat'm. cciv. 1S8. 

“ Cutlizeit, Ann. Chcni. Pharm, «;cix. 23‘2. 

3 PosLT, licr, DmUxh. Cimn. Ges. xv. 2i»r>. 
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649 Normal Octylene or CajyrijleueyV-^l^^y is formed, by tlio dis- 
tillation of secondary octyl alcohol witli anhydrous zinc chloriih.*. 
It is a colourless rather strongly -smelling liquid, boiling at 
125°, and having at 17° a specific gravity of 0‘72ri.* Mdslingor 
obtained an octylene boiling at 122°-12:T, and having a specific 
gravity at 17° of 0*7127 by heating primary octyl alcohol with 
iodine and amorplious phosphorus.® This evidently is Jiextfl- 
ethyhne, ZZ CHg. and is probably identical with that 

obtained from secondary octyl alcohol or its iodide, Avhich, how- 
ever, may also be methyl-pentyl-ethylene, Or,lT,,.ClI ZI CH.CHjj. 

Octylene Glycol, CjjHjq( 01I)2, is obtained from octylene 
bromide, a heavy liquid, decomposing on distillation, and 
being converted by the action of silver acetate and glacial acetic 
acid into octylene diacctale, a lic^uid boiling at 2 15° — 250°. lly 
heating with caustic potash the glycol is obtaiticd as an oily 
liquid having a burning taste, boiling at 235° — 240°, and having 
at 0° a specific gravity of 0*932.® 

When this compound is treated with hydrochloric acid, or Avhen 
octylene is brought in contact with dilute hypochlorous acid, 
octylene chlorliydratc, CgHj^C^OH), is formed. This is a mobile 
liquid having a camphor-like smell and a burning taste. It is 
not volatile without decomposition, is insoluble in watm*, and 
at 0° has a specific gravity of 1*003. 

Octylene Oxide, is obtained by the action of caustic 

potash on the chlorhydrin. It is a mobile lujuid having a 
pleasant aromatic smell, boiling at 145° and having at 15° a 
sjiecific gravity of 0*831.“* 

Octylene Chloride, CgHigClg, is an oily liquid, boiling at 
107o_200°.® 


Bouis, 1*6. xcii. 396. - Ann. Chem. rimrm. clxxxv. 62. 

dc Clermont, Ann, Chem, Pharm. Suppl. iii. 254. 

do Clermont, .<4 9^. Chem, Pharm, clvi. 122. * Daebauer, ib, cvi. 271. 
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Nitr(H)ctylene, CgHigNOg, is formed together with dinitro- 
octylene by the action of nitric acid on octylene. It is a yellow 
oily liquid, lighter than water, and when heated to the boiling 
point it has an unpleasant, powerful, pungent smell. It is coloured 
red by caustic potash, and dissolves in the concentrated ley. 

Dinitro-octylene, C8Hj4(N02)2, is obtained by the action of a 
mixture of sulphuric and nitric acids on the foregoing com- 
pound. It is a heavy oily liquid dissolving slightly in water, 
imparting to it a yellow colour and a very powerful pungent 
smell. When heated the boiling-point rises from 100® to 200®, 
and if the ^amp be tlien removed the temperature rises to 212®, 
with evolution of red vapours, whilst pure nitro-octylene distils 
over, a black residue soluble in potash remaining in the retort.^ 
Hydriodic acid decomposes it below 100®, with formation of 
octylene and ammonia, and of a heavy oil which is probably 
octyl iodide.2 

D'i-isobutylene or Dimethyl-pseudolntfyJ -ethylene, (CHg)2Cz:CH. 
0(0113)3. In order to prepare this compound one volume of 
liquid isobutylene is brought in contact with two volumes of a 
mixture of equal weights of water and sulphuric acid in closed 
tubes. After standing one or two days the olefine is dissolved, 
and the mixture is then heated for another day to 100®, The 
following equation represents the formation of this compound : 

PXT V PTT V 

- CH., + HO.C- CIT, = 0- CIl.( :-CH, + H,0. 

CH./ - CH,,/ - 


It is, therefore, also formed when one part of trimethyl-carbinol 
and two volumes of the dilute acid arc heated to 100®,® as well as 
when isobutylene is heated with tertiary butyl iodide and lime.^ 
Di-isobutylene is a liquid which smells like petroleum, boils 
at 102®'5, and at 0® has a specific gravity of 0’734. It easily 
combines with hydrochloric and hydriodic acids with formation 
of the haloid ethereal salts of isodibutol (Part I., p. 655). It is 
oxidized by chromic acid solution in the cold, with formation 
of acetone and trimethyl-acetic acid, acetic acid being produced 
at the same time, as well as the ketone (CH3)3C.CH2.CO.CH3, 
and an octoic acid, The fonnation of this latter 


^ Bouis, Ann, Chim, Phys, [3], xliv. 118. 

8 MUls, Jdhresh, 1864, 517. 

^ * Biitlerow, Ann, Chem. Pliarm. clxxxix. 44. • 

‘'f' * Julie Lermontoff, Ann, Chem. Phann, cxcvi.*116. 
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compound is explained by Butlerow by the assumption that 
during the oxidation a part of the di-isobutylene combines with 
water to form di-isobutol, and that this again decomposes into 
water and an octylene having the following constitution : 


(cig3C.CH,c<g5® 

When this re-combines with water a primary alcoliol is formed, 
and this by oxidation yields the octoic acid, which is an oily 
liquid similar to trimethyl-acetic acid, tliough possessing a less 
powerful smell and decomposing somewhat on distillation. 

When on the other hand, di-isobutylene is oxiilized with 
potassium permanganate, it yields, together with trimethyl- 
acctic acid, the oxyoctoic acid shortly to be described, and also 
oxyoctcwjl, This crystallizes in needles, melts at 40“.5. 

boils at 178° — 178°.5, and has a camphor-like smell. It contains 
an hydroxyl group and has the constitution (0113)30. CO. 
C(0H)(CH3),.^ 

Di-i8opr(ypyl-ethylei!Uf (CH3)2CH.CHnCH.CH(CH3)2. When 
the mixture of primary and secondary chlorides, got by acting 
upon di-isobutyl with chlorine, is heated with potassium acetate 
and acetic acid, an octylene which probably possesses the above 
constitution is obtained, together with the corresponding acetates 
(Part I., p. 654). This boils at 122°, and at 16° has a specific 
gravity of 0*75 26.^ 

Methyl-ethyUpinaconG or Diethyl'dimetliyl-cthykyie GlycoU 
(^g3\0(OH).C(OH)<(^Q^ , is formcil, together with nAethyl- 

etliyl-carbinol, when metliyl-ethyl ketone is brought in contact 
with a concentrated solution of carbonate of potash, and sodium 
gradually added. It is a white crystalline mass which melts at 
28° and boils at 200° — 205°. When boiled with dilute sulphuric 
acid it is converted into the corresponding pinacoline (Part I., 
p. 663), and this on oxidation decomposes into acetic acid and 
ethyl-diinethyl-acetic acid. Hence it possesses the following 
constitution : 


/CH3 

C,H3.C0.C-C^3 


It is a liquid possessing a strong camphor-like smell, and 
boiling at 145' — 150°.* 

' Butlerow, Ber, DnUsch, Chem. xv. 1675. > ' • 

* W. Carleton-Williains, Joum, Chem. Son, 1877, i. 541. 

® Lawrinowitsch, An7i. Chem. Pharm. clxxxv. 124. ^ 



278 


THE OCTYLBNE COMPOUNDS. 


OXYACIDS, CgHieOa. 

M.P. 

^ Oxycaproic acid, CJI^.^.CH(0H).C02H Tables. 69°'5 
Oxyoctoic acid (CH3),C.CH2.C(0H)GH3.C02H. Prisms. 117" 
Dipropyl-oxalic acid, (C3H7)2G(0H).C02H Prisms. 80”-81" 
^ Di-isopropy]-oxalic acid, 

[(CH3)2CH]2.C(0H).C02H Necdlcs.1 1 0"-l 1 1" 
^ Diethyl-oxybutyric acid, 

CPl3.CH(0H).C(C2H,)2.C02H Syrup. — 


KETONIC ACIDS, 

B P. 

Ethyl diethyl -acctacetate, CH3.C0.G(G2H5)2.G02C2H5 218° 

® Ethyl isobutyl-acetacetate, 

217“-218° 


DIBASIC ACIDS, CgHi.O,. 

650 SiibcTic GqTTj 2(G02TT)2. This acid was first obtained 
by Brugnatelli, in 1787, by heating cork with nitric acid. Accord- 
ing to the then prevailing views, lie considered that this acid 
exists already formed in cork, which he believed to consist of this 
peculiar acid combined with phlogiston and a small quantity of 
earth, these being withdrawn from the cork by means of the nitric 
acid."^ Brugnatelli also found that paper, when treated with 
nitric acid, yields suberic acid.® It may also be thus obtained 
from linen rags or from lignine.® 

The existence of this acid was again verified, in 1797, by 
Bouillon-Lagrange, who found that it could be sublimed.^® Many 

^ Erlenmeycr ami Sigel, ih, alxxvii. 103 ; Ley, Ber, Deutsch, Chem, Ges, xi. 
232. 

^ Rafalsky, Bcr, Dcutsch. Chem, Ges, xiv. 2068. 

8 Markowiiikow, Zeitsch, CJiem, 1870, 616 ; 1871, 268. 

* Schnapp, Ann, Chem, Pharm. cci. 65. 

* Frankland and Duppa, Proc, Roy, Soc, xiv. 458 ; Wislicenus, An7i, Chem. 
Pharm, clxxxvi. 191 ; Alatthey, Joiirn, Prakt, Chem, [2], vi 160. 

® Rohn, Ann, Chem, Pharm, cxc. 306. 

7 CrelVs Ann. 1787, 146. 

* Berzelius, Lehrh. iii. Aufl. 8, 47. 


® Gchlen, Ann^ i. 340. 
Ann, Chim, xxiii. 42. 
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other chemists occupied themselves with the examination of this 
acid ; ^ amongst others, Laurent found that it can be obtained by- 
oxidizing oleic acid with nitric acid. It is also produced by the 
action of nitric acid on stearic acid,® castor oil,* linseed oil,* 
and other fats. 

Suberic acid was first prepared in the pure state by Arppe, 
who showed that the compound described under this name 
always contained azclaic acid, and that this cannot be removed 
by crystallization from water but easily by treatment with 
ether.® It is to be remarked, however, that Laurent used ether 
for the separation of the two acids, and he states that mucli of 
the suberic acid dissolves ; but, as he probably did not* repeat thg 
operation, ho did not obtain a pure suberic acid. Spiegel then 
showed that on oxidizing cork, oxalic acid and other acids are 
formed as well as azelaic acid.® 

In order to prepare suberic acid, palm oil ^ or castor oil may 
be employed. In the latter case the oil is allowed to run into 
boiling nitric acid of specific gravity 1*25 until no further red 
vapours are evolved ; ® the mass is then distilled with frequent 
addition of water in order to remove the oenanthylic acid, and 
the hot liquid then separated from the nitrated oil which occurs 
with it. On cooling, a mixture of suberic and azelaic acids 
separates out, and this is recrystallized fre([uently from hot 
water and then treated in a Mohr s extniction apparatus with 
ether until the residue crystallizes well from water. From 100 
parts of castor oil, 4 parts of suberic acid and parts of azelaic 
acid are obtained.® 

When fats are distilled with superheated steam, paraffins and 
fatty acids arc formed, and, togetlier with these, suberic acid and 
its homologue azelaic acid, 

Suberic acid dissolves at 15®‘5 in 700 parts of water, and is 
much more easily soluble in boiling water, crystallizing, on 
cooling, in needles often an inch long or in irregular tables which 
melt at 140®. In presence of azelaic acid it separates in grains 

' H. Brandes, Jnn. Fhami, ix, 295 ; Cbcvrcul, Amu Chini. Lvii. 323 ; xovi. 
182 ; Berzelius, loc, cU, 

- Bromeis, Ann, Clian. Pharm. xxxv. 89. 

® Tilly, Chem, Soe, Mem. i. 1. 

■* Sacc, Ann. Chew, Pharm. li. 222. 

® Ih. cxx. 288 ; exxiv. 89. 

® Ann. Chem, Pharm. exeix. 144. 

^ Gaiitter and Hell, Bcr, Deutsch, Chem. Gcs. xiii. 1 1 afi. 

* Grote, Ann, Chem. Pharm, exxx. 208 ; Spiegel, Im. cit. 

® Dale, Jonrn. Chem, Soc. [2], ii. 258. 

Cahours and Djinaryay, Compt, Rrnd. xciv. 610. 
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or warty concretions which, according to the quantity of ad- 
mixture, melt at 120® — 130®. When more strongly heated it 
evolves pungent vapours and sublimes in needles. It boils at 
about 300® without decomposition. Heated with caustic baryta 
it decomposes partly into normal hexane and carbon dioxide 
whilst another part suffers further decomposition.^ 

The salts of suberic acid have been investigated by Arppe, 
but especially by Gantter and Hell. The difficultly soluble 
suberates of calcium, barium, and several other metals are some- 
what more soluble in cold than in hot water. 

Ethyl Subcrate, C^jHjgCCOg.OgH^g, is obtained by heating 
spheric acid with alcohol and sulphuric acid. It is a pleasantly 
smelling liquid which boils at 280® — 282® with slight decom- 
position (Gantter and Hell). 

S^iberaldchyde, CgHj^Og, is formed together with suberic acid 
and palmitic acid, 0 igHog 04 , when palmitoleic acid, CifjHggOg, is 
oxidized with fuming nitric acid. It is a bright yellow oily liquid 
boiling at 202®, and is converted by bromine and water into 
suberic acid.‘^ 

OixysuheHc Acids, When suberic acid is heated with a mole- 
cule of bromine, monobromsuberic acid is formed, and this when 
treated with caustic potash yields an amorphous suhcrmnalcic 
acid, C8Hi^(0H)(C02H).,, the salts of which crystallize badly. 
If the double quantity of bromine be employed, dibromsuberic 
acid is obtained, and this yields with caustic potash suberotartaric 
acid, C8Hjq(0H)2(C02H)2, which is also an amorphous substance.* 

651 Suberone, C^H^gO* By distilling suberic acid with lime 
Boussingault obtained a liquid boiling at 186®, whose analysis 
gave the formula C 8 H 14 O, and its vapour a density of 4'392. 
He called this substance suberyl hydride as it yields suberic 
acid on oxidation.* Tilley repeated these experiments, and found 
that the crude product when distilled yielded a volatile liquid 
which he considered to be benzene, whilst at 176® Boussingaults 
compound came over, leaving behind a black tarry mass. On 
oxidation he obtained together with suberic acid a considerable 
quantity of another acid crystallizing in needles, from which he 
concluded that the so-called suberyl hydride, to which he gave 
the same formula, is not the radical of suberic acid.‘ ^ 

^ Riche, Ann. Chem, Plumn. cxiii. 105 ; Dale, loc. cit. 

- Schrikler, Ann Chem. Pliann. cxliii. 34. 

3 Gay-Lussac and Gal, civ. 251. 

* Ann, Chem. Pharm, xix. 308. 

* Ch&nt, Soc. Mem, i. 1. 
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Gerhardt then remarked that the formula CgH^^O of suberono 
as he called it, does not show how it is related to suberic acid, 
wliilst the probable formula CyHjgO (foes not explain the re- 
formation of suberic acid.^ Kekul(3 then assumed that suberone 
has the formula C14H24O2, and is the ketone of suberic acid, 
standing to it in the same relation as common acetone does to 
acetic acid.® The formation of two acids is favourable to this 
view, but on the other hand the vapour density obtained by 
Boussingault does not correspond to this. The correct formula 
was determined by Dale and Schoiiemmer, who showed that on 
oxidation no suberic acid, but a-pimelic acid is formed, and that 
the volatile body observed by Tilley is hexane, whilst at the 
same time other higher boiling products than suberono are 
obtained.^ 

Suberone is a liquid possessing a peppermint-like smell, 
boiling at 179 ® — 181 ®, and having a vapour-density of 3 * 73 .^ 
It combines with nascent hydrocyanic acid forming the cyan- 
hydrine or nitril C7Hi2(OH)CN, a colourless liquid which is 
decomposed by concentrated hydrochloric acid, with separation of 
sal-ammoniac, into oxysuhcramarhoxylic acid, C7Hj2(0H).C02H. 
This crystallizes from water in glistening small tables an inch 
in length which contain half a molecule of water of crystalliza- 
tion, which they lose at 60 ®. It crystallizes from hot benzene in 
anhydrous glistening needles melting at 79 ® — 80 ® It possesses 
at first a sweet and then an astringent taste like alum. When 
heated with hydrochloric acid it is first converted into chlor- 
sitberancarloxylic acid, C7H12CI.CO2H, a thick liquid attacking 
the skin, and being converted by alcoholic potash into suleran- 
carboxylic acid, CyHu.COgH, a body slightly soluble in water, 
and crystallizing from dilute alcohol in glistening scales melting 
at 53 ® — 54 ®. By the action of sodium and water it is convertccl 
into suberancarhoxylic acid, C7H13.COJH, a liquid having a fatty 
acid (xlour, and volatilizing in a current of steam. When oxidized 
with nitric acid, a crystalline dibasic acid is obtained having 
either the formula CgHigO^, or that of The more com- 

plete investigation of this will probably explain the constitution 
of suberone.® There is, however, no doubt that suberone is a 
peculiar ketone in which the carboxyl is not placed between 
two monad alcohol radicals, but is combined to a diad hexylene. 

^ TraUi Chem. Org. ii. 732. ® Lehrb. ii. 41. 

3 Chevn,. Soe. Joum, [2], xii. 935. 

^ Dale and, Schorlemmer, iJb, 1879, i. 686. 

^ Spiegel, •Ann, Chem, Pharm, ccxi. 117 
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It is a singular fact that azelaic acid and sebacic acid, the two 
next highest homologues to suberic acid, do not yield any 
homologues of suberone on heating with lime, but give a very 
complicated mixture of different compounds.^ Succinic acid 
behaves in a similar way. The calcium salt of this body when 
submitted to dry distillation was formerly thought to yield a 
succinone boiling at 120V but recent investigations have, how- 
ever, shown that this is a mixture.* 

IsosubcTic Acid. When ethyl monobrombutyrate is heated 
with finely divided silver a singularly smelling liquid boiling at 
245® — 247°, is formed together with other compounds. This 
body has the composition of ethyl subcrate. It is a mixture 
of the ethereal salts of two suberic acids, of which one is 
difficultly soluble in water and crystallizes in feathery grouped 
needles, melting at 184 — 185°, whilst the more easily soluble 
acid forms large crystals which melt at 127°.* 

Two isomeric acids are obtained in the same way from ethyl 
bromisobutyrate, of which the readily soluble one crystallizes 
similarly to succinic acid and melts at 95°, whilst the difficultly 
soluble one docs not molt till 146°‘5.® 

’ Dale and Schorleminor, Joum, CJwm, Soc, 1879, i. 687. 

- D’Arcet, Ann, Chirn. Phys. [31, ix, 206. 

* Funaro, Bcr. Dculseh. Cimn, Ges, xiv. 2240. 

* Hell and Mttlilhauser, ih, xiii. 479. 

Hell and Wittekind, ib. vii. 319 ; Hell, ib, x. 2229. 
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ATOMS OF CARBON. 


652 Of these scries only a few members are as yet known, 
and of these only those which have been more exactly described 
will be here mentioned. 

Biamylme, was first obtained by Caliours by the re- 

peated distillation of amyl alcohol over phosphorus pentoxide, 
and described as amylmc} Balard then obtained it, together with 
common amylene, by heating amyl alcohol with zinc chloride, 
and termed it pantmylenc,^ Bauer found that it is also easily 
formed, together with higher polymeridcs, when amylene obtained 
from fusel oil is heated with zinc chloride to 100®.* According 
to Oahours and Balard this body boils at IGO®, and according to 
Bauer at 165®, but as common amyl alcohol and the amylene 
obtained from this arc mixtures, and as the reaction produced 
by zinc cliloride is a very complicated one, the diamylonc 
obtained in this way is also doubtless a mixture. On the other 
hand the diamylenc obtained by the action of sulphuric acid on 
trimethyl ethylene is probably a simjilc product. This boils at 
154° — 150®, and has a sjiecific gravity at 0 ® of 0*7845.^ The 
diamylenc obtained by tlic action of sulphuric acid on common 
amylene ^ or on the mixtures of amylenes ))roduc(Ml by heating 
amyl iodide with alcoholic potash, is probably identical with thisr^ 
In order to prepare it one volume of common amylene is shaken 
up at 0 ® with two volumes of sulphuric acid of specific gravity 
1 * 64.7 

A peculiar weak oily acid having the composition 

’ Ann, Chim, Phys, Ixx. 81. lb. [3], xii. 322. 

a Jahresb. 1861, 660. 

* Wyschne^adsky, Ber, Deutsch. Clvem, Oes. viii. 434. 

* Bauer, SUzun^h. Wien, Akoui, xliv. [2], 87 ; Berthelot, Cmnpt, Bend, Ivi. 
1242. 

® Lebedew, Ber. Devisch, Chcin, Oes, viii. 767 ; Journ. R\m, Chnn, Ges, vii. 
246. 

^ Erlenmeycr, Zeitsch. Ohem. ISC.**, .362 ; Schui'idcr, Aim, Chem. Pharni, 
clvii. 207: 
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is obtained, together with acetic acid and acetone, by oxidizing 
diamylene with chromic acid solution. To this body Schneider 
gave the name of amethenic acid. A neutral oil is also formed 
which has the composition Ci^HgoO, when amylene dibromide is 
heated with water and lead oxide/ and this by further oxidation 
is decomposed into carbon dioxide, acetic acid, and amethenic 
acid. 

As the formation of diamylene from amylene corresponds to 
that of di-isobutylene from butylene, it probably possesses, 
according to Butlerow, the following constitution : 


CH, 


^CXCH^-GHj 


Hcndccatyleric, is obtained from secondary hcndecatyl 

bromide, and therefore is probably methyl-octyl-ethylene. It is 
a liquid boiling at 192® — 193®.^ 

653 Tri~isohutylene, C 12 H 24 , is obtained when isobutylene is 
passed into a cold mixture of five jjarts of sulphuric acid and one 
part of water,® or when di-isobutylenc or isobutylene is heated with 
tertiary butyl iodide and lime to 100 °.^ According to Dobbin it 
is also formed, together with traces of isobutylene but no di- 
isobutylenc, when the tertiary iodide is brought in contact with 
zinc oxide at the ordinary temperature.® It is a colourless 
liquid which boils at 177°'5 — 178®'5, and at 0 ® has a specific 
gravity of 0’774. When oxidized with chromic acid solution 
it yields carbon dioxide, acetone, acetic acid, trimethyl-acetic 
acid, and methyl-dibutyl-acetic acid, CUH 22 O 2 , a body crystal- 
lizing from alcohol in glistening scales, melting at 60® — 70®, 
boiling at 266®, and possessing but faintly acid properties. 

Tri-isobutylene has most probably the following, constitution : 




is obtained by the action of sulphuric acid 
on a-ethyl-dimethyl-etliylene, and boils at 196* — 199®. The 
isomeric / 9 -ethyl-dimethyl-ethyIene yields a di-hexylene boiling 
at 193®— 197°.« 


' Eltekow, Jmm. Jttiss. Chem. Ges. x. 229. 

Giesecke, Zeitach. Chem^ 1870, 431. * Butlerow, Jahreab. 1879, 864. 

* Julie Lermontow, Amu Chem. Pharm, exevi. 116. . . 

^ Joum. Chem. Soe. 1880, I. 286. * Jawein, Liebigs Ann. czev. 26L 
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In addition to these olefines, others may here be mentioned 
which are obtained by the distillation of solid paraffin (Part I., 
p. 137), and by the dry distillation of the lime-soaps of train-oiP 
or occur in Burmah petroleum.® 


Nonylene, C^Hig 

From Paraffin. 
B.P. 

145®-148® 

Lime Soup. 
B.P. 
153® 

Decatylene, 

170®.172® 

174°-6 

Hendecatylene, C^Hgg 

193®-195® 

195“-4 

Dodecatylene, CigHg^ 

— 

212 “G 

Tridecatylene, CigHgg 

— 

— 


Petroleum. 

B.P. 


175®-8 

195"-9 

208®-3.214"-6 

232"7 


Triamylene, is formed by the action of zinc chloride 

on amyl alcohol. It is a liquid smelling like turpentine, and 
boiling at 245® — 248®. 

In addition to this olefine, tetra-amylene, CgoH^g, is also 
formed, boiling between 390® and 400“. This body was noticed 
by Balard and termed by him metamylene.* 

654 Getylene or Cctene, CigHgg, was obtained by Dumas and 
Peligot by heating cetyl alcohol with phosphorus pentoxide. It is 
also formed by boiling cetyl chloride for some time,* and is found 
amongst the products of the dry distillation of spermaceti.® It 
is a liquid boiling at 274®, and having a specific gravity at 15® of 
0*7893®.® It combines easily with bromine to form cetylene 
dibromide, Oi^HggBrg, a heavy yellow liquid which decomposes 
on heating. It also unites with hypochlorous acid to form cetyleine 
Morhydrin, CioHg.2Cl(OH), an oily liquid boiling at about 300® 
and being* converted by caustic potash into cetylene oxides C^gllggO, 
a body crystallizing in small needles melting at 30° and boiling 
at about SOOV 

It has already been mentioned that the so-called oil of wine 
{okum vitrioli dulce) is a mixture of ethyl sulphate with 
several olefines (Part I., p. 354). When shaken up with water the 
sulphate is dissolved, and an oily liquid remains, which on cool- 
ing deposits prisms of ether ol, a body melting at 110 ®, and boil- 
ing at 260®. The liquid separated from this is termed etherin, 
and this does not solidify above — 35® and boils at 280®.® These 
two olefines are probably isomeric with cetylene, as is also that 


^ Storer and Warren, ZcUach. Chem, 1868, 229. ^ lb, 231. 

* Ann, Chim, Fhys, (3) xii. 326. * Tiittschew, Jahresb. 1860, 406. 

• Smith, Ann, Chem, Fhami, xlii. 241. 

® Mendelejeff, Jahreab, 1860, 7. 

^ Carius, Ann, Ch^, Fharm, cxxvi, 201. 

® Senillas, Ann, uhim, Fliys. [2], xxxix. 152* ' 
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which is obtained together with heptane and other products when 
azelaic acid is distilled with baryta. This cetylene crystallizes 
ill needles, melts at 41° — 42°, and boils at 283° — 285°.^ 

Heuijpropylcne, C^gHg^, is formed together with propylene and 
other polymerides by the action of zinc and acetic acid on 
propylene bromide. It is a liquid boiling between 390° — 400°.* 
655 Cerylene or Cerotene, C 27 Hg^, is formed together with cerotic 
acid, in the distillation of Chinese wax. It is a paraffin-like 
mass, melting at 57“ — 58°. When it is melted in a closed tube 
bent at right angles, and distilled six or seven times backwards 
and forwards, it is converted into a mixture of combustible gases 
and of oily liquids boiling between 75° and 260°.® In this 
respect it resembles solid paraffin. 

According to Kcinig and Kiesow a solid hydrocarbon is found 
in hay, and this which melts at 65° — 66°, is either an olefine, 
C 27 H 64 , or a paraffin.^ 

Melvisylcne or Mdcm^ CsoHoo* was obtained by Ettling by 
distilling beeswax, and was believed by him to be a paraffin.® 
Brodie then obtained it by distilling melissyl alcohol and myricine 
(Part I., p. 682).® It forms colourless crystals which melt at 62°, 
and are difficultly soluble in cold, but more readily soluble in 
boiling alcohol. 


OXYACIDS CONTAINING MORE THAN EIGHT 
ATOMS OF CARBON. 

M.P. 

^ Ethyl-ainyl-oxalic acid, ^‘4?® /C(OH)CO.,H Cr}^stalline. — 

® )9-Dipropyl-ethylene-lactic acid, 

(C 3 H 7 ) 2 .C( 0 H).CH 2 .C 02 H Syrup. — 

* Diamyl-oxalic acid, Silky threads. 122 ° 

Oxymyristic acid, C^^IIggOg Glistening plates. 57° 

Oxymargaric acid, C 17 H 34 O 3 Plates. 80° 

* Dale and Schorlemmer, Ann. CJiem. Pluirm. cxxxvi. 265, 

* Prunier, Coinpt. Rend. Ixxvi. 98. 

* Brodie, Phil. Trans. 1848 [1], 167. 

^ isr. Deutsch. Chem. Oes. vi. 500. 

° Ann. Chan. Pharm. ii. 255. ^ Phil. Trans. 1849, i. 99. 

7 Frankland and Duppa, Phil Trans. 1866, 329. 

^ Schirokow, Ber. Deutsch. Chem, (jlfis- xii. 2375. 

^ Frankland and Duppa, loe. cU. 

R. Miiller, Ber. Deutsch. Chem. Oes. xiv. 2476. ^ 

“ Ebert, Ber, Deutsch. Chem, Ofs. tiii. 775. 
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Oxymyristic acid is found, together with methyl-ethyl-acetic 
acid in the ethereal oil of the fruit of Angelia archangelica. 


KETONIC ACIDS. 

B.P. 

Ethyl heptyl-acetacetate, ( Primary ^ 27l°-273® 

C2H30.CH(C7H JC02.C2Hg t Secondary ^ 250"-260" 

3 Ethyl octyl-acetacctate, C2H30.CH(CgHi^)C02.C2H5 280®-282® 
^ Ethyl di-isobutyl-acetacetate, 021130.0(04112)2002. C2H5 

• 250°-253° 

® Ethyl diheptyl-acetacetate, 031130.0(071115)2002.02115 331°-33 2® 
® Ethyl dioctyl-acetacetate, O2H3O.O(OgHi7)2.OO2.O2H5 340°-342® 


DIBASIC ACIDS. 

656 Azelaic Aculy 07Hi4(002H)2. It has already been stated 
that ' Laurent gave this name to an acid which he found 
amongst the products of oxidation of oleic acid. Buckton then 
obtained anclioic acid by boiling Oliinese wax with nitric acid,’ 
and Wirz obtained lepargylic acid ® from coco-nut oil. According 
to Arppe these acids are identical, and he retained for th6m 
the briginal name, and was the first to prepare pure azelaic acid%. 
The particulars of this have already been given under suberic 
acid, from which acid it is separated by treatment with ether 
in which it is easily soluble. A mixture of tlie two acids may 
also be dissolved in ammonia and fractionally precipitated with 
calcium chloride, when the calcium salt of azelaic acid is first 
thrown down.® 

Azelaic acid crystallizes from water in large thin scales, melt- 
ing at 106'"*5, and dissolving in 900 parts of cold, but in a much 
smaller quantity of hot water. On heating, the greater portion 
volatilizes without decomposition and with evolution of pungent 
vapours, whence its name, from ^ strangle or suffocate. 

^ Jourdan, Ann, Chm, Pharm, pc. 105. 

Venable, Ber. Devisch, Chum. Ocs, xiii. 1651. 

;* Guthzeit, Ann. Chem, Pharm, cciv. 2. 

* Mixter, Bcr. Dcutsch, Chem. Ges. vii. 500. 

® Jourdan, loc. cit. « Guthzeit, loc, cU, 

7 Joum, Ch^n. Boc. x. 166. 

^ Ann. Chem. Phnrm. civ. 265. 

* Grote, A7in. Cham. Phai^m. exxx. 208; Spiegel, ih. exeix. 145; Ganttcraiid 

Hell, Bcr. 3c\Usch. Gcs. xiv. 560. 



288 DERIVATIVES dF THE HIGHER OLEFINES. 

: . ; 

Its salts have been investigated by Arppe and by Gantter , 
and Hell. ^ 

a-Azelaic Acid is formed by heating butyro-furonic 'acid, 
CoHigOfi, with hydriodic acid and amorphous phosphorus. /It' 
crystallizes from cliloroform in small needles which melt at 
117— 118V 

. 657 SebacicAcid, CaH,g(C02H)2. The fact that when fats are 
distilled an acid is obtained was known in the last century. ^ 
Crell believed it to be a peculiar acid, and termed it fat-acid, 
and made many experiments upon it in 1778 and 1779, but 
Th^nard in 1801 showed that this volatile acid was acetic acid 
as Gren had suggested. This same cliemist, however, further 
showed that a much less volatile acid was obtained by distilling 
lard.* This fact was confirmed by V. Rose.® It is formed 
from the oleic acid contained in fats,^ and can, therefore, be 
obtained by distilling this acid alone.® Berzelius considered 
this acid to be a benzoic acid, the properties of which were 
altered by admixture. Its individuality was first established 
by Dumas and Peligot in 1834.® 

Sebacic acid is formed together with methyl-hexyl-carbinol 
when castor-oil soap is heated with caustic alkali,^ and this 
reaction serves as the best means Of its preparation. For this 
purpose castor oil is dissolved in an excess of the strongest soda 
ley, allowed to stand for some time at 40®, the bard cake then 
separated from the aqueous liquid, and the cake broken up and 
dried quickly, with stirring, in an iron vessel, and then lieated until 
the smell of capryl alcohol becomes perceptible. It is then 
poured at once into cold water, and on the addition of hydrochloric 
the acid separates out.® It dissolves in 1000 parts of water at 
17®, and in fifty parts at 100®. It is easily soluble, and forms 
feather-like crystals or thin plates which melt at 127®. 

The salts have been investigated by Neison, 

By the action of nitric acid on jalapin and some of its 
derivatives, W. Mayer obtained an acid having the composition 
of sebacic acid, which, as it melted at 104®, ho believed to be 
distinct from this substance, and termed it ipomic acid.^ As, 


^ Trollies, Ber. BetUsch, Ch&ni, Oes, xii. 1200. 

^ Jmm. Chim, xzzix. 193. ® Heu. Journ, Chem, iii. 170. 

^ ^Gfblen, Jowen* Phys, ii. 275. 

® RedtinbaolLir, Jdm Chem. Phann, xzxv. 188. 

• Awn. Chim, 382. ^ Bouis, .5. [8], xliv. 100 ; xlviii. 99 

® 0. N. WitU Chem. Ges, vii. 220 ; see also Neison, Joum, ^ 

^ Ann, Chem, Phann, Ixxxiii, 145. 
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however, Nelson and Bayne found, this substance is really 
sebacic acid, Mayer not having properly purified his product.^ 
Eeptyl-^mctlmic Add, {C7H,5)CH(C02H)2. is obtained by the 
iustion ef secondary heptyl bromide on ethyl sod-malonate. • It 
'forms. crystals which melt at 97* — 98®.* 

Brassylic Add, C9Hj8(C02H)2, is formed, together with 
dioxybehcnoleic acid and brassylic anhydride by the action of 
fuming nitric acid on behenoleic acid, the chief 

product being the aldehyde, a light oily liquid which is oxidized 
to brassylic acid by means of bromine and water. The acid 
is scarcely soluble in cold, and only slightly soluble in boiling, 
water. It dissolves readily in ether and crystallizes* in scales 
which melt at 108®*5.* 

Boccellic Add, Ci5H3^(C02H)2, was discovered by Heeren in 
the lichens Roccella fudfonmB and Lecanora tartarea,^ and 
further examined by Liebig,® Kane,® and Schunck.^ Its exact 
composition was determined by Hesse.® In order to prepare it 
the lichens are treated with dilute ammonia, the solution 
precipitated by chloride of calcium, and the washed precipitate 
decomposed with hydrochloric acid. Boccellic acid is insoluble in 
boiling water, but dissolves very easily in alcohol and ether, and 
crystallizes in silver-white rectangular four-sided tables which 
melt at 130®, and at a higher temperature partially volatilize, 
another part being converted into the oily anhydride. 

DioctyUmalonic Add, (CgHi7)2C(C02H)2» is insoluble in 
water, and separates out from hot benzene in crystals which melt 
at 75®.® 

1 Joum, Clmn, Soe. 1874, 729. 

" Venable, Ber, Deutsch, Chmi, Gts, ziii. 1651. 

> Hausskiiecht, Ann. Chmn, Pimrm. cxliii. 45. 

^ Sehweigy, Jotim. lix. 346. ® Pogg. Ann. xxi. 31. 

® Phil. Trans. 1840, 299. ^ Ckem. Soe. Jmrn, iii, 153. . 

® Ann. Chem. Phann. cxvii. 332. 

® Conrad and Bischoff, ih, cciv. 163. 
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658 Uric Acul, C 5 II 4 N 4 O 3 . The attention of the alchemists, 
and especially of Paracelsus, was naturally directed to the peculiar 
deposits known as urinary concretions. In comparing, as was 
his wont, the changes which occur in the animal body with 
those which take place in ordinary chemical reactions, Para- 
celsus explained that the deposition of these concretions was 
similar to that of cream of tartar observed in the manufacture 
of wine, and hence these bodies were classed together by him 
under the name of tartanis. Van Helmolt held similar views, 
but he made these deposits the subject of an experimental in- 
vestigation, and observed that on dry distillation they yielded 
the volatile alkali, a yellow crystalline mass, some combustible 
oil, and carbon.^ Similar experiments were made by other 
chemists. But the examination of uric acid in the wet way 
yielded no important results, until Scheele in 1776 discovered 
uric acid and showed that certain of these concretions dis- 
solve in alkali, and are reprecipitated on the addition of 
acids. He likewise noticed that they dissolve in nitric acid 
with evolution of nitrous vapours and fixed air, and that the 
solution on evaporation leaves a red residue. In one passage 
Scheele explains that the concretion is an oily salt in which 
the acid is in excess, and in another he calls it a new acid.^ 
About the same time Bergman was occupied in an investiga- 
tion of a urinary calculus and he also noticed the formation 
of the red colour produced by the action of nitric acid.® 

Uric acid was first termed lithic acid, the name which it now 
bears having been introduced by Pearson in 1797 in the form 
of uric oxide, ^ whilst Fourcroy, in 1799, designated it as cudd 
urique} 

^ Trustate rfg 1644. 

^ Opim, u. 7t; CrelL N. Entdeck, ill 227. 

* Ojmsc. iv. 387 ; CrclL iii. 232. 

* Scherer, /otira. Chnn. i. 48. ^ Ann, Chem: Xvi. 116 ; xxvii. 225. 



URIC ACID. 


291 


Amongst the numerous chemists who have investigated uric 
acid the names of Liebig and Wohler deserve the first mention. 
In their classical research they showed that the acid yields a large 
number of derivatives, which may be grouped together under 
alloxan,^ C 4 H 2 Ng 04 , and parabanic acid, C 3 H 2 ^ 2 ^ 3 -^ Schlieper 
then made us acquainted with many other derivatives,* but it 
is to Baeyer's investigation that we are indebted for the first 
clear insight into the constitution of these somewhat complicated 
compounds, inasmuch as he showed that most of these derivatives 
are compound ureas containing acid radicals.® 

Uric acid is a product of the metabolism of the animal 
organism. It occurs in human urine, which normally contains 
about 0*5 grams per diem. It is likewise found in the urine 
of other mammalia, especially in that of the carnivora, and also 
in carnivorous and graminivorous birds and reptiles. The excre- 
ment of insects and other lower animals also contains uric acid ; 
it is likewise found in the fiesh of the alligator, and in the 
lungs, spleen, liver, and brain of the ox.* In gout and other 
diseases it occurs in the blood as the acid sodium salt,® and it is 
deposited in the joints, as so-called chalk stones, and is also found 
in various secretions, as in the saliva, perspiration, gastric juice, 
&c.® Urinary concretions, as well as the buff-coloured sediment or 
muddiness observed in the urine of man and of many animals, 
usually consists of uric acid or acid ammonium urate, and this 
re-dissolves when the urine is warmed. 

AmWo-acids, such as glycocoll, leucine, aspartic acid,^ as well 
as urea itself,® when brought into the organism of fowls are 
changed to uric acid found in the urine. 

Preparation. Uric acid was formerly prepared either from 
urine, from urinary concretions, or from the excrement of 
graminivorous birds and serpents.® Guano is now best employed 
for the purpose, and not long ago uric acid was manufactured 
on a large scale from this source for the preparation of the red 

^ Ann. Chem. Pliarm. xxvi. 241. ® Ib, Ivi. 1. 

* Ib. cxxvii. 1 and 199 ; exxx. 129. 

* On the Occurrence of Uric Acid, see Ginclin’s Handbook^ vol, x. p. 455. 

^ Garrod, Med. Chir. Trans, xxxi. 8S. Ib. xxxvii. 826. 

* Roucheron, Compt. Bend, xciii. .S91. 

^ Knieriem, Ber. Beutsch. Chem. Ges. x. 1930 ; Jnife and Meyer, ib. 

^ Bncomiot, Ann, Chim, Phys. xvii. 392; Prout, Phil, Trans. 1818, 420; 
Bcnsch, Ann. Chem. Pharm. liv. 189; Allen and Benach, ibAxv. 181 ; 'Fritscho, 
JourA. Prakt. Chem. xiv. 245 ; Arppe, Ann. Chem. Pharm. lxx.xvii. 237. 

® Bihra, Ann. Chem. Pharm. liii. Ill ; Bi*nscli, ib. Iviii. 266 ; Uowe, Joum, 
Prakt. Chem. xevi. 498. 
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colouring-matter murexide, the demand for which has, however, 
now disappeared, owing to the introduction of aniline red. 

In order to prepare uric add, guano is first moistened with 
dilute hydrochloric acid, to dissolve the oxalates, carbonates, 
and phosphates- which are present. The residue is then boiled 
with caustic soda, and the clear solution acidified with hydro- 
chloric acid. If the uric acid which is then precipitate be 
not colourless, a small quantity of potassium permanganate 
or potassium bichromate is added to the boiling alkaline 
solution, and the uric acid then reprecipitated by hydrochloric 
acid, the precipitate being afterwards repeatedly boiled with 
strong hydrochloric acid. The crude acid may also be dissolved 
in concentrated sulphuric acid, and precipitated by the addition 
of water.^ 



Fio. 111. 


659 SyntJuM of Utw Add, Uric acid has recently been ob- 
tained synthetically. Strecker had noticed some time ago that, 
when heated with concentrated hydriodic acid to 160* — 170®, uric 
. acid decomposes into glycocoll, ammonia, and carbon dioxide,^ 
the two latter compounds being products of decomposition of 
vaesL Hoirbaczeweski has now made the interesting discovery, 
that when glycocoll is heated with an excess of urea to 200 * — 
300*, uric acid is formed ^ 

G,fl,NO, SCH^NjO = CjH^N^O, 8NH, + 2H,0. 

* Hofiaaiin, £ep. Zwdon JSi^ibUion, 1862, 118. 

■ 2cU8hr, CAm. 1868, 215. ' • Ber, DeuUeh, C%em. €fu, xv. 2678. 
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Properties: Uric acid consists of a crystalline powder of small 
scales or tables (Fig. Ill), which become larger when slowly 
deposited from urine. It dissolves at 20'* in from 14,000 to 
15,000 parts, and at lOO"" in from 1,800 to 1,900 parts of water. 
It is insoluble in alcohol but tolerably soluble in glycerine, and 
it also dissolves without decomposition in strong sulphuric ^id. 
On dry distillation uric acid decomposes without fusion, yielding 
ammonia, cyanic acid, cyanuric acid, and urea.^ Scheele noticed 
that a solid acid is deposited on the sublimation of uric acid, and 
this he compared to succinic acid, whilst Pearson considered it 
to be benzoic acid. William Henry held the opinion ^that it was 
a peculiar acid, and this was confirmed, in the year 1820, by 
Lassaigne and Ohevalier who termed it pyro^uric add, and this 
was shown by Wohler to be cyanuric acid. When oxidized in 
acid solution it yields urea and alloxan or mesoxalyl urea, 
Cs 08 (NH) 2 CO^ and when heated with ammonia, mycomelic 
acid, C 30 (NH) 4 C 0 , is formed,* which latter compound is* also 
obtained when uric acid is heated with water to 180^, carbon 
monoxide being evolved.* These reactions point to the constitu- 
tional formula of uric acid which was first given by Fittig : * 


AIloZMl. 

HN— CO 

CO to + 2NH, 

ni— (io 



Uric Acid. Mycomelle Acid. 

HN— C— NH HN— C=:NH 

do fco^iO - (£ CO + CO. 
^_cl-l^H d^H 

Another constitutional formula for uric acid proposed by 
Medicus, which corresponds well with most of the reactions, is 
the following : 


HN— CO 



^ W5hler, Fogg. Ann, xv. 329 and 626. 

* Wdhler and Liebig, Ann, Ohm, Pharm, zxyL 814. 
s Wohler, Ann;^ Ohm. Pham, ciii. 118; Hlaaiwetz, Ot, cfii 211. 

4 Orundr, Org, Ohm. 10 Aufl. 809 ; Ber, DeaUeh, Chetn, Oea, zi# 1792. 
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Tests. When uric acid is heated with a small quadtity of nitric 
acid and evaporated to dryness, a pinkish residue is obtained, 
which, on addition of ammonia, yields a deep xeddish-purple 
solution. Potash converts the colour into a violet blue. This 
reaction, w'hich was first observed by Prout, will be explained 
under the head of Murexide. 

If uric acid be dissolved in a drop of carbonate of soda solution, 
and then brought on to a piece of filter-paper moistened with 
a solution of silver nitrate, a dark brown stain of metallic silver 
is formed.* 

EstimaJtym of Uric Acid. In order to determine the quantity 
of uric acid contained in urine, 200 cc. of the liquid are mixed 
with 10 cc. of a saturated solution of carbonate of sodium, and 
after standing a few hours 20 cc. of concentrated sal-ammoniac 
solution are added, and the mixture allowed to stand for forty- 
eight hours longer in a cool place. The precipitate is collected 
on a weighed filter and washed two or three times, and then a 
mixture of one part of hydrochloric acid of specific gravity 
1*123, and ten parts of water poured on until the whole of 
the ammonia has been removed. The filtrate is then allowed 
to stand for six hours, and the uric acid which precipitates 
is added to that on the filter, and the whole washed twice 
with water and then with alcohol. It is dried at 110®, 0 03 
gram being added to the weight found.^ 


The Urates. 

66o Uric acid is a weak dibasic acid. Its salts, which have 
been chiefly investigated by Bensch ® and Bensch and Allen,^ are 
for the most part difficultly soluble in water, the normal urates 
of the alkali metals being the most soluble ; from these solutions 
carbon dioxide precipitates the difficultly soluble acid salts. 

Normal PotoLssium Urate, CgHgN^OgKg. Uric acid dissolves 
readily in potash ley forming a liquid which has a sweetish taste 
and which froths like soap-suds (Scheele). The normal salt is 
precipitated from this solution' by carbon dioxide. It is also 
obtained by dissolving the acid in dilute caustic potash and 
evaporating the solution in a retort The salt is obtained in 

* Schiff, Ann, Chem, Pharm, cix. 67^. 

> Bolkowski, Freseniuf^ xvi. 871. o 

5 Ann, Chem, Pharm, liv. 189. ^ Ib, Ixv. 181. 
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needles or l» a white crystalline meal. It possesses a strong 
alkaline reaction and a caustic taste, and it is gradually decom- 
posed by bbiliqg water with formation of the acid salt. Thirty- 
six parts of water at 16^ dissolve one part of the salt, but it 
appears to be partially decomposed as the solution contains a 
small quantity of free caustic potash, and the undissolved residue 
contains the acid salt. 

Add Potassium Urate, C 5 H 3 N 4 O 3 K, is an amorphous or 
granular mass which dissolves at 20 ® in from 700 to 800 parts, 
and at 100® in from 70 to 80 parts of water. In fevers it occurs 
as a urinary deposit. 

Normal Sodium Urate, + H^O, closely resembles 

the potassium salt, and forms hard nodules which dissolve with 
partial decomposition in 62 parts of water. 



Fig. 112. 


Add Sodium Urate, 2 C 5 H 3 N^ 03 Na H-HgO, is formed not only 
by the action of carbon dioxide on the normal salt, but also 
when uric acid is boiled with carbonate of soda, borax, sodium 
phosphate, or sodium acetate. It is a crystalline powder ex- 
hibiting under the microscope the forms shown in Fig. 112 , and 
dissolving at 16® in from 1100 to 1200 parts, and at 100 ® in 
from 123 to 125 parts of water. It occurs in amorphous grains 
as a urinary deposit, and also in gouty concretions. 

Add,IAtMum Urale, crystallizes in grains and 

dissolves at 20® in 367*8 parts, and at 100® in 39 parts of water. 
The normal salt does not exist.^ 

^ Schilling, Chem, Pharm, cxxii. 241. 
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The ready solubility of uric acid in carbonate of lithium is 
remarkable, inasmuch as this salt itself requires 200 parts of 
water for its solution. If, however, equal parts of uric acid and 
lithium carbonate be brought in contact with 90 parts of water 
at blood-heat, a clear solution is obtained, and at the boiling- 
point one part of the carbonate and no less than four parts of 
the acid dissolve. Owing to this property, lithium carbonate is 
much used in cases of gout or in other diseases in which deposits 
of uric acid are formed. Lipowitz, who made these observations, 
remarks that lithium is truly a novtien et omm when we re- 
member its power of dissolving calculi.^ 

Acid Amriwnium Urate^ This, as has been 

stated, occurs in many urinary concretions, and in the solid 
excrements of birds and serpents, and is formed when uric acid 



Fig, 113. 


is boiled with ammonia. It crystallizes in microscopic needles 
(Fig. 113) which dissolves at in 1608 parts of water. When 
boiled for some time this solution loses all its ammonia. 

The normal salt does not exist, but salts having the following 
composition are known : 

(а) 0 ,H 3 N, 03 (NHJ-|.C,H,N, 03 (NHj,and 

(б) 2 C 3 H 3 N, 03 (NHJ 4- C 3 H 3 N, 03 (NH,V 

The urates of other metals either dissolve with more difficulty 
than the foregoing, or are altogether insoluble. 

^ 'Ann^ Chem. Pharm, zxxviii. 852. i 
* Maly, JifUfu. PraH. Chem. zeii. 10. 
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^ 66z Sulphaies of Uric Add. By dissolving uric acid in hot 
sulphuric acid and cooling the solution Fritzsche obtained large 
transpai*ent crystals having the formula C5H4N403.4H2S04.^ 
Lowe also obtained similar crystals, containing two molecules of 
sulphuric acid,^ and Lassaigne, on dissolving in warm sulphuric 
acid the crystals which are first formed by saturation with uric 
acid at 100^ obtained on cooling large transparent crystals 
containing three molecules of sulphuric acid.^ 

Methyl Uric Add, C5H3(CH3)N403, is obtained by heating 
lead urate with methyl iodide to 150® — 160®. It forms small 
thin prisms which dissolve in about 250 parts of boihng water, 
and are almost insoluble in cold water and boiling alcohol. It 
gives the murexide reaction, and when heated with hydrochloric 
acid under pressure it decomposes into carbon dioxide, ammonia, 
methylamine, and glycocoll, whilst on oxidation with nitric acid 
it yields methyl-alloxan. It is a dibasic acid, and forms, with the 
metals of the alkalis and alkaline earths, easily soluble salts.^ 
Dimethyl Uric Add, is obtained by heating 

basic lead urate with methyl i^ide and forms small oblique 
prisms containing one molecule of water. It dissolves in about 
200 parts of boiling- and 800 parts of cold-water, and is scarcely 
soluble in alcohol. On heating with hydrochloric acid it yields 
the same products as methyl uric acid, and on oxidation de- 
composes into methyl urea and methyl-alloxan, from which it 
appears that the two methyl groups are contained in two 
different urea-residues. It is also dibasic.^ 

Uroxanic Acid, is formed when a solution of uric 

acid in caustic potash is exposed for some months to the action 
of air free from carbon dioxide, when the following- reaction 
occurs : ® 

OH 


HN— 0— NH 

do l^o^io + o + 




'oum. FrakL Chem. li?. 248. 


2H3O 


H,N 

d^ 

— NH 

/ 

l\ 

\ 

CO 

r 

!OgH CO 

Hk- 

1 

-c- 

— /h 


\ 


OH 

* lb. zcvil 108. 


. * JahfT&ib, 1864, 469. 

^ Hill, Btr, DtuUch. Cfhem. Cfes. iz. 870, 1090. 

* Mabexy and Hill, Ber. Deutaeh. Chem. Oee. zi. 1829 ; ziii. 739. 

* Stadeler, Atm., Chem. Phamn. Izzviii. 286 ; Strecker, ib. civ. 177 ; Mulder, 
Ber. Beutech. Ghent. Oee. viiL 1291. 
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To this liquid, after standing, acetic acid and alcohol aro 
added, when the potassium uroxanate is thrown down, and this is 
then decomposed with hydrochloric acid. This acid is difficultly 
soluble in cold water, and crystallizes in short prisms or sphe- 
noids. On boiling with water it decomposes into carbon dioxide, 
urea and glyoxyl-urea.^ Uroxanic acid is dibasic. 

Oxonic Add, O^H^NgO^, is formed together with uroxanic 
acid. It is a dibasic acid which is, however, not known in 
the free state, as its salts are decomposed even by acetic acid 
with formation of carbon dioxide, ammonia and glyoxyl-urea.^ 


662 The other numerous derivatives of uric acid may be 
classed in three groups. It has been stated that this acid when 
oxidized in acid solution first yields urea and alloxan Or mesoxalyl- 
urea. This substance, as well as the bodies belonging to the 
alloxan group, contains three atoms of caibon in direct combina- 
tion, and in addition to these a urea-residue : 

Alloxan, or 

Mesoxalylurea 

^NH— CO 

CO Nco, 

\nh— do 

Dialuric acid, or 
Tatronylurea 

xNH— CO 

CO \CH.0H, 

\nH— CO 

Barbituric acid, or 
Malonylurea 

.NH— CO 

CO ^CHj. 

\nH— CO 

XJramil, or 

Amido-barbituric acid 

,NH— CO 

CO \CH.NH„ 

\nH— CO 

Alloxanic acid 

^NH— CO 

CO \co. 

CO.OH 


^ Mediciu, Ber, DekMh, Ohm,, Oes, ix. 1162. « 
^ ]b, Ann, Ghent, Pharm. cbucv. 230. ! 
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Further oxidation converts alloxan into pardbanic acid or 
oxalyl-urea. This substance, as well as the other compounds 
of the parabanic group, also contain one urea-residue or they 
are mono-ureides, as follows : 


Parabanic acid, or 
oxaJylurea 


Oxaluric acid 


Oxaluramide, or 
Oxalan 


CO 
CO 

^NH— CO 
^NH— CO 
CO 

\nh* CO.OH 
.NH— CO 

do I 

CO.NHg 


If, on the other hand, uric acid be oxidized in neutral or 
alkaline solution allantoln is formed. This body is a d^-^trelde, 
and from this the compounds arranged in the third group are 
derived : 


Allantoi'n 


NH— CH— NH 


CO 

\nh- 


^co 


-CO NH, 


Allantoic acid 


Allanturic acid, or 
glyoxylurea 


do 


NH— CH— NH 


\ 


\ I 

\NH, CO,HNH, 
/NH— CH 

do |>0 

^NH, CO 


CO 


ALLOXAN GROUP. 

663 Myconielic Acid, C^H^N^Og. The formation and constitu- 
tion of this body have already been discussed. Its synthetic pro- 
duction is, however, a matter of great interest. Cyanogen and 
dry ammonia unite together to form hydrazulmin, C^H^N^, a 
pitchblack amoi^hous mass which is decomposed by water into 
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hydraa^imoxin or azidmic acid^ C^H^N^O, which is also formed 
when an aqueous solution of cyanogen is allowed to stand 
(Vol. I., p. 659), or in larger quantity when the gas is passed 
into concentrated ammonia. If this be heated for a long time 
with water, mycomelic acid is formed.^ It is a yellow light 
powder which dissolves with difficulty in cold- but more 
readily in hot-water. It is also easily soluble in alkalis and 
acids. Its aqueous solution fluoresces with a flue, greenish- 
blue colour, and when poured into water it forms sky-blue 
clouds. 

664 Allomn or Mesoxalyl-Urea, C^HgNjO^. A crystalline body 
was obtained, in the year 1817, by Q. Brugnatelli, by the action 
of nitric acid or of chlorine and iodine in presence of water upon 
uric acid, and to this he gave the name Acido om&retrioo} Prout 
showed that the same compound is formed by the oxidation of 
purpurate of ammonia (murexide).* The mode of preparing 
this body seems to have been forgotten until Liebig and Wohler 
pointed out the conditions under which it can be obtained in 
the pure state. They determined its composition and more 
important properties, and gave to it the name Alloxan.* It is 
formed, together with urea, from uric acid according to the 
following equation : 


HN 

/ 

CO 

\ ^ 
HN— C 


C — ^NH 

\ \ 

CO CO 

/ / 

NH 


HN— CO 


+ O + H,0 = 


HN— CO 


NH, 


/ \ \ 

CO CO + CO 

\ / 


NH, 


In order to prepare pure alloxan, the following method is 
recommended by Liebig.^ Uric acid is added in small quantities 
to a mixture of 1 part of nitric acid of specific gravity 1*42, and 
8 to 10 parts, of water at 60" — 70", time being allowed between 
each addition for the solid to dissolve. As soon as the liquid 
has become a brick-red colour it is heated to boiling and 
filtered. To the filtrate, a concentrated solution of tin dichloride 
is added mixed with an equal volume of hydrochloric acid 
until the precipitation of alloxantin (p. 304), which takes place, 
is complete. This is then washed with cold water and dried on 
a porous plate. The dry mass is rubbed up, with a mixture 

JacobMn and EmmerliaK Btr. Deuistih, Ckm. Get. iv. 917. 

' Brugn, Giom. xL 88 and 117 ; Ann, Chim. Phyi. viii. 201 ; Sehietigg, Jomn, 
xxiv. 208. * Ann. Phil. xjv. 86'8. 

4 Ann, Ohem. Pharm, xxvi. 258. * Ann, Chem, Pham, cxlvii. 868. 
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of 2 parts of nitric acid of specific gravity 1*5 and 1 part of 
the same acid of specific gravity 1*42, to a thick paste, 
and the whole allowed to stand until the product is readily 
and completely soluble in water. The paste is then dried 
on a porous plate, heated in a water-bath till all the nitric 
acid is driven off, and crystallized from the smallest possible 
quantity of boiling water. On cooling a warm saturated 
solution, large crystals of alloxan, somewhat resembling those 
of heavy-spar in appearance, but belonging to the triclinic 
system,^ are deposited (Fig. 114). These contain four mole- 
cules of water of crystallization and readily effloresce on 
exposure. The hot solution deposits monoclinic prisms (Fig. 
115) containing one molecule of water of crystallization, which 
latter, according to Gmelin, is given off at 150° — 160°, the 



Figs. 114, 115 


residue becoming slightly brownish-red.® Liebig and Wohler 
consider that the mouohydrated alloxan is the anhydrous com- 
pound, but, according to Baeyer,® it probably possesses the 
following constitution : 


.CO— NHv 

('(0H)2< >C0. 


Alloxan is easily soluble in water, and has a faint astrin- 
gent taste. Its solutions redden litmus-paper, and stain the 
skin of a permanent purple-red colour, imparting to it a 
peculiar disagreeable smell. It is insoluble in nitric acid, 

' Lang and Grailich, Jahrenb, 1868, 308. 

^ Handbook Org, Chern, x. 173. 

® Gmelin-Kraut's Haiuib, SnppL 864. 
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and is therefore precipitated by this reagent from its aqueous 
solutions. In the pure state it can be preserved without under- 
going decomposition, but if it contains nitric acid it decomposes 
with formation of alloxantin, oxalylurea, and other products, 
and a similar decomposition occurs when the aqueous solutioii 
is boiled. Heated with ammonia it forms a jelly-like mass of 
ammonium mycomelate. Ferrous salts impart a deep blue colour 
to solutions of alloxan. No precipitate is thrown down unless 
an alkali be present, in which latter case precipitation at once 
occurs. It was by this reaction that Liebig and Wohler re- 
cognised that their compound was identical with Brugnatelli’s 
acido ossieretrico. When boiled with water and lead oxide, 
alloxan is converted into carbon dioxide and urea. 

Alloxan was found by Liebig to occur in mucus in a case of 
intestinal catarrh.^ 

Alloxan forms compounds with the acid sulphites of 
the alkali metals. These, such for example as C4H2N20^ -f 
HKSO3 + HgO, crystallize well. The above compound is 
difficultly soluble in cold, but easily soluble in hot, water.^ 
The constitution of these bodies is analogous to that of the 
similar compounds of the aldehydes and ketones. 

Alloxan oxidizes amidopropionic acid to carbon dioxide and 
acetaldehyde, it being converted itself into murexide. In the 
same way it attacks other araido-acids with formation of the 
isomeric aldehydes containing one atom less carbon.® If alloxan 
be heated with tliio-urea and an alcoholic solution of sulphur 
dioxide, pseud o-thio-uric acid, CgH^N^OgS, is formed. This 
crystallizes in fine needles which are not soluble in water 
though easily soluble in alkalis.^ Its constitution probably 
corresponds to that of pseudo-uric acid (p. 307). 

665 Alloxanic Acid, C4H^Nj05, was first obtained by Vauquelin 
in an impure condition, and termed Acidc urique suroxiginS. It 
is also formed by the action of alkalis on alloxan, and has been 
investigated by Liebig and Wohler,® and also by Schlieper.® In 
order to prepare it, baryta-water is added drop by drop to a 
warm saturated solution of alloxan until a permanent turbidity 
is produced. This is then removed by the addition of a small 

quantity of alloxan, and the whole cooled. Barium alloxanate, 

' 

* Amn. Cluim, Pharm, exxi. 80. . 

® Gregory, Phil, Mo^g, [3], xxiv. 189 ; Wuth, Ann, Oatm., Pharm, cviii. 41. 

* Strecker, ib, cxxiii. 863. ^ 

^ Ncncki, Ber, Deutach, Chem. Ges, iv. 722. . ' 

^ Ann. Chem, Pharm, xxvi. 292. Iv. fe63 ; Ivi. 1. 
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C 4 H 2 N 205 Ba+ 4 H 20 , then separates in short prisms or pearly 
scales, and the mother-liquor is again treated with baryta- 
water in a similar way. The salt is decomposed by dilute 
sulphuric acid, the solution concentrated over sulphuric acid, 
when a syrup remains, and this, on standing for some time^ 
deposits a radiated crystalline mass consisting of hard triclinic 
needles. 

Alloxanic acid possesses a strCngly acid, and afterwards a 
sweetish, taste. It dissolves zinc with evolution of hydrogen, 
and decomposes carbonates and acetates. If the normal barium 
or calcium salt be boiled with water, urea and mesoxalic acid 
are formed : 

CO.OH NH. CO.OH NIL 

\ I \ ! 

CO CO + ILO = CO + CO 

/I / I 

CO CO.OH NHg 

According to this formula alloxanic acid contains only one 
carboxyl. It is, however, dibasic, and forms acid- normal- 
and basic-salts, inasmuch as the hydrogen of the amido-group, 
which is combined with two carbonyls, can be replaced by 
metals. On the other hand, Claus ^ represents it as having the 
following constitution : 

HN CO.OH 

I'^j 

COO 

I/I 

HN CO.OH. 

If this view bo correct alloxan is the corresponding hydrate, 
and alloxanic acid should, therefore, be readily converted into 
this body ; this is, however, not the case, 

666 bialuric Acid or Tatronyl Urea, C^H^NgO^. Tliis com- 
pound is the final result of the action of reducing agents, such as 
zinc and hydrochloric acid, on alloxan. It may also be obtained 
by passing sulphuretted hydrogen gas into a boiling solution of 
alloxan until the separation of sulphur ceases (Liebig and 
Wohler). The following is, however, the best method of 
preparation, impure uric acid being the raw material. On to 
16 parts of this substance 32 parts of tolerably concentrated 
hydrochloric acid are poured, and 3 parts of finely powdered 
' 1 Bcr, Dc'iUscK Clunn, Ges, vii. 232, 
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potassium chlorate gradually added, care being taken that the 
mass does not become too strongly heated, and that neither 
carbon dioxide nor chlorine is evolved. The paste of alloxan thus 
obtained is dissolved in a small quantity of warm water, and the 
solution filtered off from any undecomposed uric acid.^ A 
quantity of metallic tin, equal in weight to the uric acid 
employed, is then dissolved in an excess of strong hydrochloric 
acid, and the hot solution added to the solution of alloxan, and 
then such a quantity of hydrochloric acid added that every 500 
grams of the uric acid is made up to four liters of liquid. 
After standing for twenty-four hours the dialuric acid which 
separates out is filtered off, quickly washed, pressed, and dried in 
a vacuum.^ Its formation is represented by the following 
equation : 

NH— CO 

(io 0 *H. 0 H + SnCU 
lIlH— do 

Dialuric acid crystallizes in short four-sided prisms, slightly 
soluble in cold water, and oxidizing in the moist state, on 
exposure to air, quickly to alloxantin. The acid is mono- 
basic, ammonium dialurate and potassium dialurate being the 
only two salts known. These are anhydrous and difficultly 
soluble in cold water. Their solutions reduce silver nitrate even 
in the cold. 

667 AlloxaTUin, CgH 4 N 407 + SHgO. We have seen that allox- 
antin is formed not only by the reduction of alloxan but also by 
the oxidation of dialuric acid. It is moreover produced when 
equal molecules of dialuric acid and alloxan are brought together 
in concentrated solution,^ this reaction being usually explained 
by the following equation ; 

NH— CO CO— CO 

O iaOH + jIth to 

fH— io io— iIh 

+ HjO. 

' Schlieper, Ann, Chcm. Phami, ly. 258. 

'•* Baeyer, Ann, Chem, Phami, cxzvii. 12. 

* Wohler and Lieb% Ann, Chem, Phamn, x]i^i. 279. 


NH-CO CO— CO 
= Ao CH— t do 

ijH— do Ao— in 


NH-CO 

(Jo do + SnClj + 2 HC 1 = 
NH— Ao 
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But in oppositipn to this view the fact must be remembered 
that when dimethylalloxan and dimethyldialuric acid, a re- 
duction-product of the first named body, are brought together, 
anhydrous tettamOthylalloxantin, CgH 2 (CHjj\N 403 , is produced. 
Hence the following equation more probably represents the 
formation of alloxantin : 

NH CO CO— NH NH CO CO— NH 

do.HO. A.OH + HoilH CO = Ao HO.A— 0 — Ah Ao 
NH Ao CO— Ah NH Ao Ao-i NH 

+ H,0. 

Crystallized alloxantin would, therefore, have the fonnula 

CgHgN.Og+SHA 



Fio. ]16. 


Its preparation has already been described under alloxan. It 
crystallizes in colourless or yellowish, small, oblique rhombic 
prisms or tables (Fig. 116). Alloxantin is also formed when 
ammonium dialurate is evaporated with an excess of dilute 
sulphuric acid, and the solution allowed to stand, when crystals 
of another form separate out, and for this reason Liebig and 
Wohler believed it to be dimorphous. Acconling to Gregory, 
however, these crystals are pseudomorphs of dialuric acid.^ 
Alloxantin is difficultly soluble in water; it colours litmus 
red, but does not form salts. It loses its water of crystalliza- 
tion at 150®, and becomes red in the air from absorption of 


VOL. III. 


* Phil. Mag. xxiv. 188. 
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ammonia. Baryta-water gives a fine violeti^blue precipitate, 
which becomes colourless on heating, from formation of the 
barium salts of dialuric acid and alloxanic acid. Alloxantin, 
reduces silver salts, selenium dioxide, osmic acid, &c., ctiid when 
heated with dry ammonia it is converted into murexide. 

If an aqueous solution of alloxantin and cyanamide be boil^d^ 
iso-uria acidy C5H4N4O3, is obtained, together with allo)^. ft 
is a heavy insoluble powder having a faint acid reaction, and is 
more easily oxidized than uric acid itself.^ 

668 Barbituric Acid or MalonyUureay C4H4N2O3 + 2H2O, vfsk 
first obtained by Baeyer from hydurilic acid, a body which will 
be described hereafter.® Barbituric acid is also formed easily ^faen^ 
alloxantin is heated on a water-bath with 3 to 4 parts of 
sulphuric acid until the evolution of sulphur dioxide cq^es:^ 
It may also be synthetically obtained by heating equal weights 
of malonic acid, urea, and phosphorus oxychloride to 100**:^ 

CO.OH NH, CO— NH'"' 

3 CHj +3 + 2POCI3 = 

^JO.OH l^II, ^’0 — /h * 

+ 2 P 0 ( 0 H )8 + HCl. 

Malonyl-urea is slightly soluble in cold, but more readily in 
hot, water. It has an acid reaction, and crystallizes in large 
rhombic ^isms which are converted by the action of alkalis 
into malonic acid and urea, or products of decomposition of these. 

One atom of the hydrogen in barbituric acid may readily be 
substituted by metals. So-called normal salts are known, such, 
for instance, as silver barbiturate, C4H2N20gAg2, a white, 
amorphous precipitate. Methyl iodide acts violently upoit 
this substance with formation of dimethyl-larlituric add, 
C4H2N20jj(CHg)2, a body which is difficultly^ soluble in cold 
water, but crystallizes from hot solution in gUste&ing tablets* 
The fused mass boils at 265 ^ but the ciyst^s* melt ^at a 
much lower temperature. When this ia. decomposed by 
caustic potash malonic acid is not formed aS ' might ;hav6 
been expected, but dimethyl-malonic acid (p. 256 ). Sejnei^ 
it appears that in barbituric acid the hydrogen atoms con- 
nected with carbon can be replaced by a metal. Dimdthyl- 
barbituric acid has a faint acid reaction. When neutralized 

^ Malder, Ber, Veutsch, Chem Oes. yi. 1236 ; vii. 1633. 

- Ann, Chem, Pharm, exxx. 136. » Fiuck, ifi, czxxil. 301*, 

^ Giimaux, Bull, Soe, Chim. xxxi. 146. t 
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with ammonia and silver nitrate added, the hydrogen atoms 
which are combined with the nitrogen can also be replaced by a 
metal. Dimethyl-barbituric acid is also formed when dimethyl- 
malonic acid aod ureaaro heated with phosphorus oxychloride.^ 
Malonyl Dimethyl-urea is a body isomeric with dimethyl- 
hwbituric acid. It is obtained by the action of a mixture of 
^alonyi chloride and phosphorus oxychloride on dimethyl urea, 
and crystallizes in flat needles melting at 123°, volatilizing without 
de(X)mposition, and dissolving easily in water.* The following 
ibrmulsB explain the. isomerism of these two compounds : 


Dimethyl-malouyl Urea. 
(Dimethyl-barbituic arsll.) 

CO— NH 
,(5(ch3)j^o 


Malonyl Dimethyl-ui^eu. 

CO-NCH3 
/ \ 

CO 

^50— NOH.,. 


669 Dialuramidc or Amulo-inalonyl-urm, C^H^N^^O^, was first 
obtained by Prout as a product of the decompositon of purpurate 
pf ammonia (murexide) by acids, and termed by him imiyiiric 
acid? This name, which gives a false idea of the nature of the 
body, was changed by Liebig and Wohler to murexan. By 
boiling alloxantin with sal-ammoniac solution, or by boiling 
thionuric acid with water, they obtained a compound which 
they termed uramil? Beilsteiii found that this body is 
identical with murexan,® and Baoyer ascertained its constitution 
inasmuch as he obtained it by the reduction of nitroso- and nitro- 
.malonyl urea. Its formation from alloxantin may be rendered 
clear hy the following equation : 


■■k- 



> 


. NH— CO CO NH 

I I I I 

CO OH— O— C.OH CO +NH.CI = ' 

I I I I 

NH— CO CO NH 


^H— CO 

So OH.NH2 + 
I . I 
NH-^CO 


CO NH 

C(OH)2to + HCl. 
CO— NH 


* Conrad ami Gutxeit, Ber. Dmlsch. CJtem, xiv. 1643 ; Thorne, Jourr^ 
Chem, Soc, 1881, i. 543. 

* Mulder, Ber, Deutsch. Chem, Oes. xii. 465. 

* Phil, TroM, 181§, 420. * Ann. Chr,m. Phurm. xxvi. 827. 

» lb. 274, 310, 323f « Ib. evii. 176. 
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It forms silky needles insoluble in cold, but slightly soluble in 
hot, water. 

Pseudo-Uric Acid, CgH^N^O^. When dialuramide is boiled 
with a solution of potassium cyanate the potassium salt of this 
acid is formed.^ The ammonium salt is ojbtained by heatinjg 
dialuramide with urea to 180®.^ Hydrochloric acid precipitates 
the acid from solutions of its salts as a powder consisting of 
small prismatic crystals, which are difficultly soluble in hot 
water, dissolve readily in alkalis, but are decomposed by bromine 
or nitric acid into alloxan and urea, whilst on boiling with water 
and lead dioxide, carbon dioxide, oxalic acid, oxaluric acid 
(p. 319), and urea are formed. Pseudo-uric acid is monobasic, 
and its constitution is probably represented by the following 
formula : 

HN— CiO 

io in— NH— CO— NH„. 

I I 

HN— CO 


Thionuric Acid or SulphaminharUturic Acid, C4H5N3SOfl. 
This substance was obtained by Liebig and Wohler by mixing 
ammonium sulphite with an excess of ammonium carbonate, and 
adding to this a solution of alloxan, slowly heating to the boiling 
point, and allowing it to boil for half an hour : 


HN— CO 

io CO 

HN- 


-Uo 


+ so, 4 NIL 


HN— CO 

I I/NH, 

= CO c< 

I I ^SO.H 

HN— CO 


On cooling, the ammonium salt crystallizes out in glistening, 
four-sided tables. Acetate of lead throws down from this 
*iolution the corresponding lead salt, and this yields the acid when 
decomposed by sulphuretted hydrogen. Thionuric acid forms an 
indistinctly crystalline mass, which is not deliquescent, has a 
strongly acid reaction and taste, and acts as a dibasic acid. 

670 Violuric Acid or Nitroso-larhituric Acid, C4H3N3O4. 
Baeyer obtained this acid, together with alloxan, by acting with 
nitrous acid or dilute nitric acid on hydurilic acid. Its potassium 

^ Baeyer, A7m. Chem, Pkarm. cxxvii. 3 
> Grimaux, Bull, Hoc, Chim, xxxi. 635^ 

• A7in, C/iem, Plumn, xxvi. 208, * 
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salt is formed when a solution of hydurilic or of barbituric acid 
is treated with potassium nitrite : ^ 

^CO-NH ^CO— NH 

CHg ')>CO + KO.NO = CK(NO) ^CO + HjO, 
\C0— NH \C0— NH 

The acid is tolerably soluble in cold water, readily so in liot 
water and in alcohol, and crystallizes in glistening rhombic 
pyramids containing one molecule of water which is driven oil* 
at 100®. Its solution decomposes on heating above 60®, and 
when treated with bleaching powder yields clilorpicfin. Am- 
monium sulphite converts it into thionuvic acid, and when heated 
with potash it decomposes into nitroso, malonic acid, carbon 
dioxide, and ammonia, whilst in contact with liydriodic acid 
or sulphuretted hydrogen it yields dialuramide. Violuric acid 
is monobasic, and decomposes the acetates. Its salts arc 
characterized by their splendid and varying colours. 

Potassium Violuraie, C4H2N30^K -f 2H2O, crystallizes in deep 
blue scales or prisms, which arc more soluble in hot than in cold 
water, yielding a violet- blue coloured solution. Wlien throAvn 
into hot concentrated liydrochloric acid, colourless prisms of the 
compound, 2(04113^130^, KCl) +HC1 + 6H2O, separate out. These, 
when treated with potassium acetate, are converted into the 
ordinary salt. 

Barium VioluraU, (C4H2N304)2Ba+4H20, yields glistening red 
cpiadratic tables, almost insoluble in cold water. 

Magnesium Violurate, (C4H2N304)2Mg-f-6H20, is also very 
diflScultly soluble, and forms oblique purple-red crystals. 

Fcrrcnis Violurate, Violuric acid produces with ferrous acetate 
solution a deep, dark-blue coloration, and on the addition of 
alcohol six-sided tables of the above salt, possessing a red 
metallic lustre, separate out. 

671 Bilituric Acid or Kitroharhituric Acid^ C4H3N3O5, is 
formed, together with alloxan, when hydurilic acid or violuric 
acid is treated with common nitric acid, or when barbituric 
'acid is brought in contact with fuming nitric acid : ^ 

^CO— NH ^CO— NH 

CH, ^CO + HO.NO, = CH.NO, ^CO + H^O. 
'^CO— 16 \C0— NTI 

^ Chem. Plmrm. cxxvii. 20; exxx. 140. 

Biu^yer, Ann, Cham, Phann, cxxvii. 211. 
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It crystallizes in square prisms, which are easily soluble in 
hot, but more difficultly soluble in cold, water, yielding an in- 
tensely yellow-coloured solution. Chloride of lime converts it 
into chlorpicrin, and hydriodic acid reduces it to dialuramide, 
but sulphuretted hydrogen does not act upon it. It is a tribasic 
acid, but its characteristic salts are those containing one 
equivalent of metal. Most of these are explosive, but they are 
so stable that they are not decomposed by a mineral acid. The 
barium salt is not decomposed even by dilute sulphuric acid, 
though precipitated by sulphates. The following are the most 
characteristic compounds. 

Monhydric Potassium Dilihirate, C^HNgOgKg. Dilituric acid 
dissolves in caustic potash yielding a citron-yellow coloured 
solution, and on adding alcohol to the hot liquid fine yellow 
needles, grouped in nodular masses, are deposited. This salt 
is insoluble in concentrated caustic potash, and detonates 
slightly on heating, pure potassium cyanate remaining behind. If 
concentrated sulphuric acid be added to it, explosions occur, and 
hydrochloric acid converts it into the di-hydric salt, C4H2N3O5K, 
which is always formed when dilituric acid is brought in contact 
with a potassium salt. This is scarcely soluble in cold, and 
difficultly soluble in hot, water, and separates from dilute 
solution in cubes. 

Pihydric Ammonium Dilit%iratc, is a pre- 

cipitate consisting of microscopic prisms, which are formed when 
dilituric acid is brought into contact with ammonia or an ammo- 
nium salt. 

Ferrous Dilituratc, (C4H2N305)2Fe SHgO, is obtained by the 
addition of dilituric acid to a solution of ferrous sulphate and 
forms a precipitate, consisting of needles which have a faintly 
greenish colour and are very difficultly soluble in water. They 
explode when heated above 120^ 

Normal Silver ViliUirate^ formed when an ex- 

cess of a hot solution of silver acetate is mixed with one of 
dilituric acid. It is a lemon-yellow crystalline precipitate 
which explodes on heating, but not on percussion. If dilituric* 
acid be employed in excess, or if the acid be added to a silver 
nitrate solution, the acid salt, having the formula C4H2N305Ag, 
is thrown down. This is tolerably soluble in hot water and 
crystallizes in prisms. 

672 Viohxntin, O8H3N3O3-I-4H2O, is obtained by mixing hot 
concentrated solutions of violuiic acid and diliti^ric acid, which 



DIBROMBARBITURIC ACID. 


311 


then combine directly together. It is, therefore, also formed 
when hydurilic acid is wanned with weak nitric acid. It is 
a yellowish-white granular crystalline powder which on re- 
crystallization from water is again converted into its constituents. 
On the other hand, it can be recrystallized from glacial acetic 
acid or from dilute alcohol, when only a partial decomposition 
takes place. With ammonia it yields a blue colour, and with 
magnesium acetate it forms a fine blue crystalline precipitate, 
whilst magnesium violurate is red. Other salts generally 
decompose it into its constituents. Thus with potassium 
acetate it yields a precipitate of acid potassium ^diliturate, 
whilst, later, potassium violurate crystallizes out.* 

Dihrombarhituric Acid, C^H.^Br 2 N 9 P 3 , was originally described 
by Baeyer as alloxan bromide. It is formed by the action of 
bromine on barbituric acid, nitroso- and nitro-barbituric acid, and 
hydurilic acid, which at the same time also yield alloxan. 
It is difficultly soluble in cold, but dissolves more readily in liot, 
water, the solution decomposing on boiling with formation of 
alloxan and a volatile body which violently attacks the eyes 
and mucous membranes. In order to prevent this decomposition 
it is crystallized from dilute nitric acid solution, 'when rhombic 
prisms or tables are deposited, and it crystallizes in the same 
form from a solution in alcohol, in which it is easily soluble. 
It fuses on beating with evolution of bromine vapours yielding 
a liquid which, on cooling, solidifies to a crystalline mass. 
Bromine converts it into tribromacetyl-urea, which is also formed 
by the action of alkalis, and it is decomposed on heating with 
formation of bromoform,* When sulphuretted liydrogen gas 
is passed for some time into a solution of dibrombarbituric acid 
heated to 90® it is converted into alloxantin.® 

Monohromharhituric Acid, C^HgBrNgO^, is formed by the 
action of zinc or sodium -amalgam and water on the foregoing 
compound, and is also produced by the action of hydrocyanic 
acid, which in the anhydrous condition dissolves the dibrom-acid 
without alteration, but when diluted acts upon it as follows: 

CO— NH CO— NH 

CBrg CO + HCN = C'HBr + BrCN. 

\! 0 — ^ 0 — 

' Baeyer, Ann, Chem, Pharvi, cxxvii. 223. 

- fh. cxxvii. 229 ; exxx. 130. 

^ Grimaux, Bull, Soc, Chim xxxi. HO. 
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It forms crystalline crusts consisting of small needles, is difficultly 
soluble in cold water, and is a monobasic acid which decomposes 
the acetates.^ 

673 Hydurilic Acid^ CaH^N^Og. This compound, which has 
been often mentioned in the foregoing pages, can be prepared in a 
variety of ways. Schlieper was the first to prepare the acid am- 
monium salt, together with alloxan, by the action of dilute nitric 
acid or uric acid.^ It is also formed when alloxan or alloxantin is 
heated for some time with very dilute sulphuric acid,^ or when 
dialuric acid is heated with glycerin to a temperature of 
140® — 150®. The glycerin acts here merely as a solvent, and two 
reactions occur at the same time, inasmuch as four molecules 
of dialuric acid are converted into hydurilic acid and a fifth 
into formic acid, carbon dioxide, and ammonia : ^ 

(1) 4C,H4NA = aCsHeNA 4 2H,0 4 O^. 

( 2 ) 4 2H,0 4 O, = 300^ 4 + 2 NH 3 . 

Hydurilic acid is also formed, together with glycocoll and 
carbon dioxide, when uric acid is heated to 110® — 130® with 
sulphuric acid,® 

It is, however, best obtained when hydrated alloxantin is 
heated to 170® in a heated tube : 

208H,N,Oy 4 6 H 2 O = CgHeN.Oo 4 4 NH 3 4 
CgHgO, + 2CO 4 4 CO 2 . 

When heated in an open vessel the same reaction occurs, but 
the oxalic acid is converted into carbon monoxide, carbon dioxide, 
and water. Alloxan can also be converted in this way into 
hydurilic acid, but only in closed vessels, as otherwise the 
water necessary for the reaction escapes.® It is also formed 
together with barbituric acid when dibrombituric acid is treated 
with hydriodic acid. 

Hydurilic acid is very difficultly soluble in cold, but dissolves 
somewhat more readily in hot, water, crystallizing in small 
four-sided prisms containing two molecules of water. When 
hydrochloric acid is added to the hot solution a crystalline 
powder is thrown down, consisting of small rhombic tables which 

' Baeyer, Ann, Ckem, Pharm. ('xxx. 134. 

® Ann, Chem, Phann Ivi. 11. * Finck, lb, cxxxii. 303. 

Baeyer, lb, cxxvii. 14. 

” Schultzen and Filehno, Ber, DentJich, Cb/cm, Ges, i. 150. « 

• Murdoch and Dobner, lb, ix. 1102. * 
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contain one molecule of water. Hydrochloric acid precipitates 
hydurilic acid from alkaline solutions in the form of a chalk-like 
amorphous powder which, when allowed to stand with hot water 
or hot hydrochloric acid, soon becomes crystalline. It is a strong 
dibasic acid decomposing most of the metallic chlorides with 
formation of acid salts, whilst acetates, with the exception 
of potassium and ammonium acetates, are decomposed by it 
with formation of the nonual salts A characteristic reaction of 
this acid and its salts is the piroperty which they possess of 
colouring ferric chloride a splendid green, which on heating is 
converted into a red, and is destroyed by alkalis or strong acids. 
The decompositions of hydurilic acid which have been described 
in the preceding pages render it probable that it possesses the 
following constitution : 

HN— CO CO— CH, 

CO 'bn— 1/ CO 

HN— do \:o— :^H 

674 Purpuric Acid, CgH^NgO^. Front, in his investigation on 
the “ pathology of urine,” examined the purple-red substance 
obtained by evaporating uric acid with nitric acid, and he 
found that, when the solution is neutralized with ammonia 
and slowly evaporated, a granular, dark-red, crystalline mass 
is obtained, reflecting light with a purple colour. To this he 
gave the name of purpurato of ammonia, and he prepared other 
purpurates by double decomposition with metallic salts. By 
the action of an acid ho obtained from these a colourless 
compound which he considered to be free purpuric acid.^ 
Wohler and Liebig then showed that this body, which they 
termed murexan, is not the only product of the decomposition, 
and that it does not give any dark red salts with bases. They 
considered, therefore, that purpurate of ammonia is an amide 
having a complicated composition, and they termed it murexide 
(from murex, the shell from which the purple-tyrian dye is 
said to have been obtained).® Soon afterward a memoir by 
Fritzsche appeared, in which he defended Front’s view, and 
gave the results of a more complete investigation of the pur- 
purates, proposing for murexide or purpurate of ammonia a 

' Phil, Trans. 1818, 420. 

^ Ann, Chtni, Phapn, xxvi. 310. See also Sclmiick the Purple of the 
Ancients,*’ Chem, Soc. Jotmi. xxx v 580, 
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formula dififerent from that which Wohler and Liebig gave aa 
the correct one.^ Liebig, however, did not agree with these 
views, ^ so that Gmelin, who was then writing this portion tf 
his Handhoohf undertook the examination of these contradictory 
statements, and endeavoured from analysis to obtain a formula 
which should explain the formation and decompositions of mur- 
exide. According to the view which he held to be the most 
probable, inurexide should be formed by the action of ammonia 
on alloxantin, and experiment verified this prediction : * 

^ CgH.NA + 2NH3 = CgHgN.O, + Hp. 

This formula, as well as the view that murexide is the am- 
monium salt of purpuric acid, then became generally adopted, 
and this has been since verified by the investigations of 
’Beilstein, who has shown, moreover, that when a purpurate is 
treated with an acid, the purpuric acid which is liberated is at 
once converted into dialuramide and alloxan : ^ 

+ HP = C,H,N 303 + CJT^Np,. 

Purpuric acid chiefly forms acid salts (Beilstein). 

675 AcM Ammoninm Purpurate, or Murexide, C8H4N503(NH4) 
•f H 2 O. In addition to the methods which have already been 
described, this body can also be obtained when a solution of 
alloxan and ^alloxantin is treated with ammonia (Liebig and 
Wohler). In order to prepare it in this way, 4 parts of 
alloxantin and 7 parts of alloxan containing 4 molecules of 
crystallization-water are dissolved in 240 parts of hot water, and 
80 parts of a cold saturated solution of ammonium carbonate 
added.® It is also formed when an ammoniacal solution of 
dialuramide is exposed to the air or heated with mercuric 
oxide : 

2C,H3N303 + HgO = C^H^Np^ + Hp + Hg. 

Or, according to Beilstein, 4 parts of dialuramide and 3 parts 
of mercuric oxide are boiled with a sufficient quantity of water 
and some ammonia. 

Murexide crystallizes in four-sided prisms, the faces of 
w'hich possess a splendid green metallic lustre like that of the 
wing-caBcs of the rose-beetle and other insects. By transmitted 

' Joum. Pmkt. Chem. xvi. 380 ; xvii. 42. 

* Ann, Ch^m, Pharni, xxxiii. 120. ® JTaiidbook^x, 19S. 

^ Ann, Chem, Pharm, evii. 176. * Liobig, Oiian. Cheni, 232. 
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light they appear of a gamet-red colour, and when pulverized 
yield a red powder which, when rubbed, exhibits a bright green 
metallic reflection. It dissolves with difficulty in cold, but more 
easily in hot, water, yielding a purple-red coloured solution, 
and is insoluble in alcohol and ether. 

About twenty-five years ago murexide was used in dyeing 
and calico-printing works in such quantity that the factory 
of Mr. Ruinney in Manchester turned out 12 cwt. per week, for 
whicli quantity twelve tons of guano was required. The manu- 
facture of murexide was, however, only a shortlived one, inas- 
much as it was soon supplanted by tljo cheaper Q.nd equally 
brilliant coal-tar colours. 

Acid Potassmm Purpurate, CgH^NgOflK, is obtained by de- 
composing murexide with nitre, or by exposing a solution of 
dialuramide in cold caustic potash to the air. It is very 
similar to murexide. Its solution, as well as that of murexide, 
is coloured deep blue by caustic potash, and alcohol precipitates 
a thick blue liquid which is probably the normal salt. 

Acid Silver PurpuratCy + SHgO. On adding 

silver nitrate to a solution of murexide acidified with nitric 
acid, this salt is thrown down as a light purple-red powder. 
The normal salt, OgHgNgOgAg.^, which was obtained accidentally 
by Beilstein by precipitating a cold saturated solution of 
murexide with a neutral solution of silver nitrate, is a fine 
brownish-red powder. 

The calcium and harium salts are dark-green crystalline pre- 
cipitates, dissolving but slightly in water, and yielding a purple- 
coloured solution. Lead acetate gives a red precipitate with 
murexide solution, and corrosive sublimate a blood-red, and 
mercurous nitrate a violet precipitate. These reactions were 
used in calico-printing to fix the murexide colour, and the vidlet 
tints were obtained by fixing the colour on the cloth with 
corrosive sublimate in a bath which contained oxalic acid and 
sodium aqetate, when a reduction occurred (Beilstein). 


PARABANIC GROUP. 

676 Parahanic Acidy or Oxalyl Urcdy CgHgNgOg, was first 
obtained by Liebig and Wohler, by acting with tolerably con- 
centrated hot nitric acid on uric acid.^ It is also formed when 
^ Ann. Chm. Pharm. xxvi. 285 
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uric acid is warmed with hydrochloric acid and potassium chlorate/ 
or boiled with manganese dioxide and dilute sulphuric acid.® 
Parabanic acid is likewise produced when bromine and water 
act upon uric acid ; ® the acid in all these cases being an 
oxidation-product of alloxan, which is first formed. It may be 
sylithetically produced by the action of phosphorus oxychloride 
on a mixture of oxalic acid and urea : * 


CO.OH 


NH, 


CO— NH 


I + )co = I yco 

CO.OH NH, do— NH 


+ 2H,0. 


In order to prepare it, 1 part of uric acid is added, in small 
portions at a time, to 3 parts of nitric acid of specific gravity 1’30 
heated to 70®. The solution is first concentrated over the lamp, 
and then evaporated to dryness on the water-batli, and the residue 
is recrystallized from water.® It is also easily obtained by 
pouring a small quantity of water on to uric acid and adding an 
excess of bromine.® It crystallizes in flat, transparent, mono- 
clinic prisms or needles (see Fig. 117), which dissolve at 8® in 
21*2 parts of water, and have a strongly acid taste. 

When one part of pure uric acid is slowly added to 3 parts of 
nitric acid heated to 00®, the temperature kept at 35® — 55®, and 
at last the liquid heated to 70®, large crystals, having the com- 
position CgHgNgOg-hHgO, separate out on warming the solution. 
These dissolve at 8® in 7‘4 parts of water, and between 150® — 
160® lose their water of crystallization and then crystallize from 
solution in water in the anhydrous condition. This liydrate 
probably possesses the following constitution : ^ 

CO NH 

I 

C(OH)a-NH 

Parabanic acid is dibasic, although it has a tendency to form 
acid salts. Those of the alkali-metals are very unstable, and 
are easily converted into the salts of oxaluric acid (p. 319). The 
normal silver salt, having the composition CjAggNgOj-l-HgO, 

* Gerliartlt and Laurent, Ann. Chim. Phijs, [3], xxiv. 175. 

2 Wheeler, ZcUach. Chem. 1865. 746. 

3 Hardy, Jahresb. 1864, 631. 

* Ponomarew, Bull. Soe. Chim. xviii. 97. 

8 Menschutkin. Ann. Chmn. Phmni. clxxii. 71. 
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is very characteristic, being obtained as a crystalline precipitate 
by adding silver nitrate to a solution of the acid. 

OxalyUdiiLreide, is a slightly soluble powder, ob- 

tained by heating parabanic acid with urea. Hence it possesses 
the following constitution : ^ 

CO— NH^ CO.NH2 

CO— NH— CO— in. 

677 Methyl-pardbanic Acid, C3H(CH3)N203, was first obtained 
from creatinine, which is converted by nitrous acid into the base 



Via. 117. 


C4HQN4O2 ; and this, when heated with hydrochloric acid, de- 
composes into ammonia and mcthyl-parabanic acid.* This latter 
compound is also formed by the oxidation of methyl-uric acid 
with nitric acid.* It crystallizes from hot water in glistening 
needles or prisms, which melt at 149®*5, and its solution has a 
feeble acid reaction. Alkali decomposes it into oxalic acid and 
methyl-urea. 

' Grimaux, Bull Soc. Chim, xxxii. 120. 

^ Dessaignes, Ann, Chem. Pharm. xcvii. 342 ; Strccker, ih. cxviii. 164 ; Marcker, 
ih. cxxxiii. 315. • 

• Hill, Ber, DeiUach, Chem, Gca, ix. H)93. 
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Methyl4hioparabanic Acid, C3H(CH3)N2S02. If cyanogen 
gas be passed into an alcoholic solution of methyl-thio-urea,- a 
crystalline compound is formed, which, on evaporation, passes 
into the above compound, the following reaction occurring : 


CN 

' ' \NH, ^CN 

/N(CH3)— C = NH 
(2) CS 

\NH— 0 = NTI 



/NrCH.)— C3NH 
CkS ■ 1 

\NH C=NII. 


+ 2H,0 4 2HC1 


/N(CH3).C0 

CS I 

\NH CO 


4 2NH4CI. 


Methyl-thioparabanic acid crystallizes in very thin, bright 
green scales, which melt at 105°, and possess an acid reaction. 
When its aqueous solution is heated with silver nitrate, it is 
converted into methyl-parabanic acid.^ 

678 DimdhyU]parahanic Acid, C3(CH3)2N203, was obtained by 
Stenhouse by boiling caffeine with nitric acid, and was described 
by him as nitro4hniu?‘ Rochlcder afterwards prepared it by the 
action of chlorine and water on caffeine, and he termed it 
clwlestrophane and Strecker obtained it by heating methyl 
iodide with silver parabanate.* It is best prepared by oxidizing 
caffeine witli chromic acid solution.® It crystallizes in pearly 
laniinaB, which are difficultly soluble in cold water and alcohol, 
and melt at 145°‘5 and boil at 275° — 277°.® It is easily decom- 
posed by alkalis into dimethyl-urea and oxalic acid, and ^hen 
heated with hydrochloric acid to 200° it decomposes into 
methylamine, carbon dioxide, and oxalic acid.^ 

DimethyUthioparalanic Acid, C3(CJl3)2N2S02, is obtained 
from diraethyl-thio-urea in a similar manner to the monomethyl 
compound. It crystallizes in six-sided scales, having a colour 
like that of yellow chromate of potash. These melt at 112°‘5, 
are slightly soluble in cold, but dissolve more readily in hot, 
water, and have a neutral reaction. When heated with silver 
nitrate, the solution is converted into dimethyl-parabanic acid. 

Reactions for the Pardbanic Acids. All these acids can be 
recognized by the following reaction. To the aqueous solution 

* Andreasch, Ber. DeiUsch. Clijttn. Ges. xiv. 1447. 

® Chem. S^. Mem. i. 215, 237. * Ann. Clvem. Pharm. Ixxiii. 57. 

^ Ib, cxviii. 174. ® Maly and Hinteregger, Monats. Chem, ii. 88, 

® Menschutkin, Ann. Chem. Pharm. clxxviii. 202. » 

7 Calem, Ber. Deutsch, Chem. Ges. xii. 624. ^ 
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calcium chloride and ammonia are added and the liquid 
warmed, when calcium oxalate separates out (Andreasch). 

Oxalantin, C^H^N^Og + HgO, was fii-st prepared by Schlieper, 
in small quantities togethei; with allanturic acid by boiling 
alloxantic aeid for some time with water, and was termed by 
him leucoturic acid.^ Its zinc salt is formed by treating para- 
banic acid with zinc and hydrochloric acid in the cold ; * it is 
difficultly soluble, and is easily decomposed by sulphuretted 
hydrogen. Oxalantin thus obtained forms a hard crystalline 
crust difficultly soluble in water, and has a faint acid reaction. 
Boiling nitric acid is without action upon this body ; it reduces 
metallic silver from an ammoniacal silver solution, whilst alkalis 
decompose it easily into ammonia and oxaluric acid. 

679 Omhtric Aeul, is easily formed when parabanic 

acid is heated to boiling with aqueous ammonia (Liebig and 
Wohler). On cooling, ammonium oxalurate separates out in 
glistening, silky needles. This salt is also found in small quan- 
tities in human urine.^ When dissolved in a small quantity 
of , warm water, and hydrochloric acid added, and the whole 
cjuickly cooled, oxaluric acid separates out as a crystalline 
powder, which is very difficultly soluble in cold water, and has 
an acid taste. When a solution of alloxan is treated with 
hydrocyanic acid, and potassium carbonate added, oxaluric acid, 
together with dialuric acid and carbon dioxide, is formed.* If 
oxaluric acid be boiled for some time with water, it is converted 
into the acid oxalate of urea, whence its name ; 

CO.OH NH, CO.OH NH™ 

I J - + H.p = I I 

CO— NH— CO CO.O.NH3— CO. 

When heated with phosphorus oxycliloride, it is reconverted 
into parabanic acid.® It is monobasic, and its salts have been 
carefully examined by Waage.® 

Ethyl Oxalurate, was obtained by Henry 

by acting with ethyl oxalyl chloride on urea.^ Qrimaux 
obtained it from silver oxalurate and ethyl iodide.® It is almost 
insoluble in cold water, and crystallizes from warm water in 

^ Ann. Chem. P/tarm. Ivi. 2. ® Limpricht, ib. cxi. 134. 

* Schunck, Proc, Roy, Soc. xv. 2.58. 

* Strecker, Ann, Chein, PJuirni. cxiii. 53. 

Grimaux, Ann, Chim, Phya, [5], xi. 367. 

* Ann, Chem. Pharm. cxviii. 301. 

^ Ber. Deutach. Chsam. Oea, iv, 644. ® Bull, Soc, Chim, xxi. 157. 
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thin^p^ilky needles. If a few drops of animonia be added to 
the hot solution, and then silver nitrate added, a precipitate bf 
silyW parabanato is formed.^ 

lOxaiuram^e, pr ia forjgaed, together with 

carbon dioxide and dialuric acid^ when a solution of alloxan is 
treated with hjdroqyaiuc acid and ammonia : ^ 


/CO— NH\ 

h '30 
\to— nh/ 


+• KH, + 


H,0 


CO-^NH 

= (iaonAo 


C0.5IH, NH 
Ao— NH— Ao ^ 


CO NH 


COj. 


This reaction corresponds to the formation of dialuric acid 
from alloxan. In both cases the hydrocyanic acid remains 
unchanged. 

Oxaluramide is also formed when urea is fused with ethyl 
oxamate (p. 120),^ or when ethyl oxalurate is heated with 
alcoholic ammonia (Salomon). It is a crystalline powder which 
is insoluble in cold water and when boiled with water it is 
converted into ammonium oxalurate. It dissolves in concen- 
trated sulphuric acid without change, and is again precipitated 
from solution by water. 


68o The following compounds, though not derivatives of uric 
acid, may bo conveniently described here. 

Methyl Suceinyl Urea, CflHgN 203 . Methyl carbimide com- 
bines violently with succinimide to form this compound : 

/CO.CHg /NCCHg)— CO— CHg 

COizNCCHg) + HN I « CO I . 

NCO.CHg \NH CO— OHg. 

It forms rhombic tablets which melt at 147® — 148®, and arc 
slightly soluble in cold water and alcohol. 

The corresponding ethyl compound is a similar body melting 
at 94® — 95®, easily soluble in water and alcohol, and decomposing, 
when heated from 150® — 160® again into ethyl carbimide and 
succinimide.^ 

^ Salomon, Ber, Deutath. Chem. Oea, lx. 874. 

* Sohiflchkow mid Boesing, Ann, Gkem, Pharm, cvi. 255 ; Strecker, ih, cxiii. 48. 

* Qantai\jen, Joum, PnucL Cham, [2], ix. 148. 

^ Menschutkin, Anm, Cham, PJumn, clxxviii. 204. * 
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SucQinuric Add, g.h;na. formed by heating urea pith 
succinic anhydride : ' 


CHyCO 


NH, 


I 


\o + \co = i ' 


CH*.COi- 




1^, 


-NH 

^O. 


CHyqO.QHNHy 


It is a monobasic acid^ almost insoluble in cold water, aiid^ 
crystallizing froih hot water in scales!* ^ 

Sucdnyl DicarhamHe, C 2 H^(CO*NH.CO.NH 2 ) 2 , is obtained 
by heating two molecules of urea with rather more than one 
molecule of succinyl chloridd. It is a powder, difficultly soluble 
in hot water and almost insoluble in alcohol.® 

Amidomccimtric Add, is formed by evaporating a 

solution of asparagin and potassium cyanate and treating the 
residue with hydrochloric acid : 


CO.NH 2 

CH, 

Ah.nh» 

\ 

CO.OH 


HCON 


CO.NH, 


CH, 


CH.NH.CO.NHj. 


\ 


CO.OH 


It is alniost insoluble in alcohol, and crystallizes from water 
in hard prisms.® 

. Malyl Ureide, CgHyNjOs, is formed by heating asparagin with 
urea to 125® — 130®. It crystallizes from hot water in oblique 
rhombohedrons;* Its constitution is probably : 


CO.NH^ 

kaco/ 


\CH.CH,.C0.NH,. 


When this body or amidosuccinuric acid is boiled with hydro- 
chloric acid, malyl ureldic oMd^ is formed. This is 

also formed by beating aspartic acid with urea.® It is easily ; 
soluble'in water, and ciystallizes in prisms. 

^ Pike, Ber, Deuimk, Chem, Oes. vi. 1104. 

* Conrad, Joum, Prakt, Chem, [2], iz. 801. 

’ Guareschi, Ber, DmUaeh, Chem, Ctea, z. 1747. 

^ Grimaux, Ann, Chim, Phys, [6], zi. 400. 

‘ Guareschi, Ber, DetUaeh, Chem, Qea, ix. 1435. 
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ALLANTOiN GROUP. 

68z Allantoin, C4HgN403. This compound was discovered by 
Vauquelin and Buniva in the amniotic liquid of the cow, and 
termed by them amniotic acid.^ Neither Dzondi nor Prout 
could obtain it, and then Lassaigne showed that it is contained 
not in the amniotic, but in the allantoic, liquid, which latter 
fluid was mixed with the amniotic fluid examined by the flrst- 
named chemists, and ho tenned the body acide allantoique?^ 
It was first artificially prepared and carefully investigated by 
liebig and Wohler, and, as Gmelin had already shown that the 
substance obtained from the allantoic liquid does not act as an 
acid, the name which it now bears was given to it.® 

Wohler afterwards noticed the existence of the same substance 
in the urine of the sucking calf,^ and it also occurs in the urine 
of dogs kept on a fatty diet® or after administration of uric 
{xcid.® It is likewise found in urine in some cases of disease of 
the respiratory organs ; ^ it occurs also after doses of tannic acid 
have been given, and it exists not unfrcquently in the normal 
fluid.® It has also been noticed in the urine of the new-born 
child, and in small quantities in the case of childbirth. 

Schulze and Barbieri have also found allanto'in in the young 
leaves of the plane-tree {Platanus orientalis)? 

Allantoin is formed artificially not only by oxidizing uric acid 
with lead dioxide, but also by acting on the same substance 
with (1) manganese dioxide,^® (2) alcoholic solution of potassium 
ferricyanide,^^ ( 3 ) permanganate solution,^® and ( 4 ) ozone : 

C3H4N4O3 + H^O + O = C4H3N4O3 + GO,. 

It is also obtained by the action of nitrous acid on dialuric 

^ Ann. Chim. xxziii. 269. ^ Ann. Chim, Phys. xvii. 801. 

Ann Che^n. Pharm. xxvi. 244. ^ Ib. Ixx. 229. 

A Meissner and Jolly, Zeiisch. Chem. 1865, 230. 

^ Salkowski, Per. Dcutsch, CKem. Qcs. ix. 721. 

^ Frerichs and Stadeler, Jahresh. 1854, 714. 

® Salkowski, Ber. Beuts^. Chem. Ges, xi. 500. 

• Joum. Prakt. Chem. [21, xxv. 145. 

w Wheeler, Zeitsch.. Chem. 1866, 746. 

“ Schlieper, Ann. Chem. Pharm. Ixvii. 219. 

“ Neubauer, ib. xeix. 217 ; Claus, Ber. Deutseh. Chem. Oes. vii.'227. 

*3 Gorup-Besanez, Ann. Ch&m. Plwrm. cx. 94. 
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acid,^ and may be prepared synthetically by heating 1 part of 
glyoxylic acid with 2 parts of urea for 10 hours ; ^ 

0H(0H)2 NH, 

+ 2do 

OO.OH 

Allanto'in crystallizes in monoclinic prisms, which, seen under 
the microscope, exhibit the appearance shown in Fig. 118. These 
crystals are difficultly soluble in cold water, but dissolve more 
readily in hot water and in alcohol. It has a neutraL reaction, 
combines with metallic oxides,* and yields with mercuric 


HN— CH— NH 


- CO 




/ 

—CO NH, 


+ SH^O. 



Fio. 118. 


nitrate a white insoluble precipitate similar to that obtained* 
with urea. On this account Liebig’s method for the determina- 
tion of urea cannot be employed in presence of allantoin. 

When allantoin is heated with concentrated hydriodic acid, it 
decomposes into urea and glycolyl urea (p. 96).* 

Allavioic Add, C^HgN A. is formed as a difficultly soluble crys- 
talline powder when a solution of allantoin in caustic potash 
is allowed to stand for some days. This is a monobasic 


^tpibbs, Ann» Chem, Pharm, Suppl. vii. 337. 

® Gnma^, Ann. Chim. Phya, [5J, xi. 389. 

* Limprichtf Ann, Cham. Pharm, Ixxxviii. 94. 

^ Schlieper, Anii. Chem, Pluirm. Ixvii. 231 ; Mulder, ib. clix. 362. 
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acid, forming crystalline salts.^ When heated with water it 
decomposes into urea and allantiiric acid (Ponomarew) : 


HN- 

-CH NH 

HN- 

-CH 

NH, 

do 


'bo 

= CO 


\ 

0 + 

'bo. 

\ 


/ 

\ 



/ 

H^N 

CO.OH NH, 

H,N 

CO 

NH, 


Allanturic Acid, C 3 H^N, 03 . This was first obtained by 
Pelouze by oxidizing uric acid and allantoin.® A similar 
body was afterwards obtained by Schlieper as a by-product in 
the preparation of allantoin, and to this he gave the name of 
lantanuric acid, and on boiling alloxanic acid with water he 
noticed that, together with other products, a deliquescent acid 
is formed which he described as diffluan.^ According to Baever 
these bodies are identical, and must be regarded as anhydrides 
of urea and glyoxylic acid.^ The formation of allanturic acid 
from allantoic acid shows that the former substance is the anhy- 
dride of carbamine-diglyoxylic acid, a substance which does not 
appear to exist in the free state. 

Allanturic acid is a gum-like deliquescent mass, which when 
boiled with caustic potash decomposes into ammonia, carbon 
dioxide, acetic acid, and oxalic acid, or the products of decom- 
position of uric acid or glyoxylic acid.^ 

OlyoxyUUrea, C 3 H 4 N 2 O 3 . This compound is isomeric with 
allanturic acid, and is formed by the decomposition of oxonic 
acid (p. 297). It crystallizes from hot water in thick needles, 
and is a monobasic acid,® probably possessing the following 
constitution : 

/NH2 . 

CO 

\NH.CO.CHO. 

Olyeo-uHl, C4H3N4O2, is formed by the action of sodium 
amalgam on a hot solution of allantoin. It crystallizes in 
small octohedrons or pointed needles, which are difficultly 
soluble in water.^ On boiling with dilute sulphuric acid it 
decomposes into urea and glycolyl urea.® 

^ Ponomarew, Ber. Beutseh, Chem. Ges, xi. 2155. 

^ Gerhardt, Traits, Chim, Org, i. 528. 

* Ann. Chem, Pharm, Ivi. 1. * ^m, HanwSrterh. i 288. 

” Medicus, Ber, Deutseh, Chem, x. 544. 

* Kedicus, Ann, Chem, Pharm, clxxv. 234. 

^ Rheineck, i&. cxxxiv. 219. 

® Baeyer, 45. cxxxvi. 270. ^ 
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Pyruvil, CgHgN^Oa, is isomeric with methyl-allantoi'n, and is 
formed when pyroracemic acid is heated with urea. It crystal- 
lizes from hot water in rhombic tables, and when boiled with 
concentrated hydrochloric acid it is converted into pyruvin- 
%mide, C4H4N2O2 : 


HN— CCCHg)— NH 

\o 

/ 


CO 


Ilk 


= do 


Ni:C(CH,) 


— c 


NH, 


PIN— CO 


NH, 

>; 

NH, 


Pyruvil is a crystalline powder somewhat soluble in boiling 
water. Nitric acid converts it into nitro-pynivinureMe^ 
C4H3(N02)N202, a body crystallizing from hot water in glistening 
yellow scales, and dissolving in alkalis with a yellow colour. 
This latter is a dibasic acid, and is decomposed by boiling with 
bromine water into parabanic acid and brompicrin : ^ 


N=:C— CH2(N02) 

CO ! + SBrj + H„0 

Ilk— CO 

CBrsNO, + ;31IBr. 


TIN— CO 
CO I + 
Hk— CO 


XANTHINE, CJI^N,0,, 

SARCINE, C«H,N,0. 

GUANINE, CgH^NsO. 

682 These three basic compounds, which occur in the animal 
organism, stand in close relation to uric acid. The two first are 
formed from this acid by the action of sodium amalgam and 
water,® and guanine is xanthine in which one atom of oxygen is 
replaced by the imido-group NH, and therefore it is converted 
into this latter body by the action of nitrous acid. 

Xanthine, C5H4N4O2, was discovered by Marcet in 1819 as 
forming the chief constituent of certain rare forms of urinary 
calculus, and termed by him xanthic oxide, because on evapo- 
ration with nitric acid a yellow residue is left yellow). 

^ Grimaux, Ann, Ckim, Phya. [6], xi. 373. 

Rheineck, Ann, Pkann, cxxxi. 121. 

■ Essay on the Cfwnivial History and Medical Treatment of Calculmis Diseases, 
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ltd composition was first determined by Liebig and Wohler, 
who studied tSe properties of the body more exactly,^ whilst 
Gmelin gave it the name it now bears.® It is also always found 
in small quantity in urine, and during the use of sulphur baths 
it appears in larger quantity.® It also occurs in yeast, frequently 
in guano,* and it is a normal constituent of the animal body. 
Thus, it has been found in muscular fibre and in the liver, 
pancreas, and spleen, and in the brain.® 

It is obtained artificially from guanine by treating this body 
with nitrous acid, when a nitro-compound is formed at the same 
time, and this, on reduction with ferrous sulphate and ammonia, 
yields xanthine.® In order to prepare it, potassium nitrate is 
added to a boiling nitric acid solution of guanine until red 
nitrous vapours are evolved in considerable quantity, when 
the solution is diluted with a large quantity of water ; the 
yellow precipitate thus formed is washed and dissolved in boiling 
ammonia, a solution of ferrous sulphate being then added until 
black hydroxide of iron is precipitated. The filtered solution is 
next evaporated, and the residue washed with water to remove 
ammonium sulphate. It is then again dissolved in ammonia, 
and the solution allowed to evaporate. 

Xanthine is a granular white powder, consisting of micro- 
scopic crystals which when pressed possess a waxy lustre. It is 
deposited from aqueous solution on evaporation as a skin or in 
scales. It is very diflScultly soluble in cold, but more readily 
soluble in boiling water. The determinations of its solubility 
vary considerably. According to Almdn, it requires from 1336 to 
^498 parts of boiling water and about 14,000 parts of cold water 
for solution.’^ It is insoluble in alcohol, dissolves in ammonia 
more readily than does uric acid, and is still more readily soluble 
in caustic potash. Acids, even carbon dioxide, precipitate it From 
this solution. When xanthine is heated a small portion sub- 
limes ; the larger portion, however, carbonizes with formation 
of ammonium carbonate, cyanogen, and hydrocyanic acid. 

Xanthine acts at the same time as a weak acid and a weak 
base. It dissolves in warm ammonia, and on cooling fine stellated 
needles of the ammonium compound separate out, but the solution 
when evaporated loses the whole of its ammpnia. Xanthine 

^ Pogg^ Ann, xli. 393. * Handb. Org, Chenn, ii. 614. 

* Diirr, Ann. Ghent. Pharm. cxxxiv. 46. 

^ Strecker, ih, cxviii. 162 ; Phipson, Chtm, News, vi. 16. 

* Scherer, Ann. Ghent. Pharm. cxii, 267. 

* Strecker, ib. cviii. 141, cxviii. 166. '^^Jahresh. 1862, 634. 
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separated out by acetic acid more easily soluble than that 
obtained by evaporation (Strecker, Scherer). When xanthine 
is boiled with baryta-water, the difficultly soluble compound 
C5H4N402Ba(0H)2 separates out. 

Xanthine Sulphate, C6H4N^02,S04H2+H20, crystallizes in 
microscopic, glistening, rhombic tables, which when washed 
with water lose the whole of their acid. Xanthine hydrochlorate, 
C5H4N402,HC1, is difficultly soluble in water, and is deposited 
in glistening scales aggregated in nodular concretions. The 
nitrate forms fine yellow crystals. 

When xanthine is evaporated with nitric acid, and caustic 
potash added to the yellow residue, this becomes of a 
yellowish-red colour, which on warming turns to a violet-red. 
If a small quantity of xanthine is brought on to a watch-glass 
with a mixture of bleaching powder and caustic soda, the edges 
of the liquid become covered with a dark -green scum which soon 
becomes brown and disappears. The soluble salts of mercury 
precipitate an aqueous solution of xanthine even when greatly 
diluted. 

Pseudoxanthine, C5H4N4O2, is formed, together with glycocoll 
and hydurilic acid, when uric acid is heated with sulphuric acid 
to a temperature of 110® — 130®. It is a white powder, slightly 
soluble in water, but easily soluble in caustic potash. When 
it is evaporated with nitric acid, it leaves a lemon-yellow residue 
which is coloured yellowish-red by caustic alkalis. With nitric 
acid or hydrochloric acid it does not forih crystalline compounds.' 

683 Sarcine, C5H4N4O. A substance resembling xanthine 
was discovered by Scherer in splenic pulp and in the muscles 
of the heart, and to this he gave the name of hypoxanthine, 
as it contains one atom of oxygen less than xanthine. A body 
terthed xanthoglobuline, which the same chemist discovered 'in 
the liver and pancreas, appeared to be different from this sub- 
stance, whilst Strecker found a compound having the same 
composition as hypoxanthine in muscular fibre, and as it did 
not agree in its properties with this body he distinguished it as 
sarcine. Scherer then showed that the bodies which he had 
obtained were identical with this latter, and that the differ- 
ences which were noted were due to the fact that they were 
mixed with more or less xanthine or guanine.* 

* Schultzen and Filehne, Ber, Deutseh, Chcin, Ges, i. 150. 

> Scherer, Ann. Cham. Pharm. Ixxiii. 328. evil. 814, cxii. 257 ; Strecker, ih. 
cii. 204, cviii. 129. 
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Sarcine almost always occurs together with xanthine, and is 
also found in the spinal marrow, and in the blood after death, 
but not in blood when flowing through the blood-vessels ; it does 
not occur in urine. 

In order to prepare this compound, extract of meat is dissolved 
in fifteen times its weight of water, the solution precipitated with 
acetate of lead, .the filtrate then freed from lead by sulphuretted 
hydrogen, and evaporated to one-fourth of its original volume. 
Ammonia is next added and silver nitrate, the precipitate 
washed with ammoniacal water, and dissolved in the smallest 
possible quantity of nitric acid of specific gravity 11. On 
cooling, sarcine-silver-nitrate crystallizes out, this requiring 
5,000 parts of the cold acid for solution. The precipitate is 
then freed from nitric acid by washing with ammoniacal silver 
solution, the residue suspended in water and decomposed by 
sulphuretted hydrogen. The filtrate, on evaporation, yields 
absolutely pure sarcine, of which the extract of meat contains 
about 0'6 per cent., whilst ox-muscle contains from 0*0161 to 
0 0277 per cent. The filtrate from the sarcine-silver-nitrate 
gives on addition of ammonia a precipitate of xanthine-silver- 
oxide, and hence this method serves for the quantitative deter- 
mination of sarcine and xanthine in meat. The preparation of 
creatine may also be carried out in the same material.^ 

Sarcine is a crystalline powder, dissolving in 300 parts of cold 
and 78 parts of boiling water, and being less soluble in alcohol. 
Fuming nitric acid converts it into xanthine and a nitro-com- 
pound. It has a neutral reaction, and combines with acids, 
bases, and salts. 

HydrochloraJte of Sarcine^ CgH^N^OjHCl + HgO, crystallizes 
in needles or prisms, and is readily decomposed by water. The 
nitrate forms thick prisms, which become opaque when moistened. 

The larium salt, or CgHgBaN^O -|- 2 H 2 O, 

is obtained by dissolving sarcine in dilute, and afterwards adding 
an excess of cold saturated, baryta-water, when the salt is 
deposited in transparent crystals. 

When sarcine solution is precipitated with ammoniacal 
silver nitrate, a gelatinous precipitate, having the composition 
CgHjAgN^O + HgO is deposited, whilst with silver nitrate 
alone flocks of C 5 H 4 N 40 ,AgN 03 are formed, which dissolve in 
dilute nitric acid, and on cooling the salt is deposited in 
microscopic needles. ^ 

' Neubaucr, Frcaenim* Zeitoch, vi. 33. 
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684 Carnine^ lias hitherto only been found in 

Liebig’s extract of meat/ and in order to prepare it this is dissolved 
in 6 to 7 parts of water, precipitated by baryta-water, and acetate 
of lead added to the filtrate, when a precipitate is formed which 
contains the lead compound of camine. This is then dissolved 
by boiling repeatedly with water, and the solution decom- 
posed by passing sulphuretted hydrogen through it. The filtrate 
is then concentrated, and a strong solution of silver nitrate 
added, when a flocculent precipitate, having the composition 
(C 7 HgN^ 03 ) 2 ,AgN 03 , is formed. This is washed with dilute 
ammonia to remove nitric acid. The precipitate is, lastly, sus- 
pended in water, and decomposed by sulphuretted hydrogen. 

Carnine is a crystalline powder, difficultly soluble in water; it 
unites wdth hydrochloric acid to form the salt CyHgN^Og + 3HC1, 
crystallizing in glistening needles. Bromine-water or warm 
nitric acid converts carnine into sarcine. Extract of meat con- 
tains about 1 per cent, of carnine, and it is from this that the 
sarcine is probably formed. 

685 GttaniTte^ox Imidoxanthim, CgH^NgO. This body was dis- 
covered by Unger in various samples of guano, beirig contained 
in largest quantity in that from Peru.^ It is also found in the 
excrement of the spider,* in the pancreas of the horse, ^ and in 
the scales of the bleak,® and it occurs as a deposit in the knee- 
joints of swine suffering from the disease known as Guanine-gout 
(Virchow). 

It is produced, together with xanthine, sarcine, and other 
bodies, when yeast is allowed to stand at a temperature of 35® 
in contact with water.® 

In order to prepare it, Peruvian guano is suspended in water, 
milk of lime gradually added, and the whole boiled. The 
brown solution is then squeezed through a cloth, and the process 
repeated until the liquid is no longer coloured. The residue, 
which contains uric acid and guanine, is then boiled with solu- 
tion of sodium carbonate, until the solution thus obtained no 
longer yields a precipitate writh hydrochloric acid. It is then 
treated with sodium acetate, and hydrochloric acid added to 
strongly acid reaction, and the precipitate boiled with dilute 
hydrochloric acid. Hydrochlorato of guanine crystallizes out 
on cooling, but this still contains uric acid, and to remove 

' Weidel, Ann, Chem, PJumn, clviii. 353. 

2 Ann, Chcm, Pharm, lix. 58. * Gonip-Besancz and Will, ih, Ixix. 117. 

^ Scherer, ihi cxii. ^76. * DaiTeewill, Conipt, Jtend, liii. 246. 

* Schutzenberger, Bull, Soc. Chim, yii. 192. 
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this it must be boiled with dilute ammonia, and the residual 
guanine dissolved in strong, boiling nitric acid. On cooling, 
nitrate of guanine separates out, and this may be decomposed 
by ammonia.^ 

Guanine is an amorphous powder, insoluble in water. It 
dissolves, however, in an excess of concentrated ammonia, — a 
reaction which distinguishes it from xanthine and sarcine. Its 
salts also yield with potassium chromate an orange-red, crystal- 
line precipitate, and potassium ferricyanide gives a reddish- 
brown, crystalline precipitate, whilst a saturated solution of 
picric acid gives an orange-yellow, silky, insoluble picrate.* 
When guanine is evaporated with fuming nitric acid, a glistening 
yellow residue remains, and this, on the addition of caustic soda, 
becomes first red, and then, on heating, purple. 

When guanine is heated with hydrochloric acid and potassium 
chlorate, it is oxidized to carbon dioxide, guanidine, and para- 
banic acid (Strecker). It is a diacid base, but also forms 
metallic salts, and combines with salts. 

Guanine HydrocKlorate, C5H^NgO,(HCl)2, is formed when 
hydrochloric acid gas is passed at a low temperature over 
guanine, when the mass swells up. By dissolving guanine in 
hot hydrochloric acid, the monacid salt having the formula 
CgHgNgOjHCl + 2H2O is obtained, crystallizing in needles which 
lose their water at 100° and their acid at 200°. Guanine hydro- 
chlorate forms double salts with various metallic chlorides. The 
platinichloride, [C5H5N50,HCI]2-hPtCl4-l-2Hg0, crystallizes from 
water in orange-yellow prisms. 

Guanine Sulphate, (C6H5N50)2,H2S04, crystallizes in long 
needles, but is decomposed by prolonged washing with water. 

Guanine Nitrate, CgH5N50,(HN0j,)2+2H20, is formed by 
dissolving guanine in hot nitric acid of specific gravity 1*25. 
It crystallizes in short prisms. From more dilute acid, a salt, 
having the composition 2(C5H5N50,HN03)-t-3H20, crystallizes 
in long, hair-like, foliated needles. 

Guanine also forms, with oxalic acid and tartaric acid, crystal- 
line salts (Unger), but it does not combine with formic or acetic 
acid, and does not dissolve in lactic acid or citric acid.’ 

Guanine dissolves readily in caustic soda solution, and on the 
addition of alcohol indistinctly formed scales, having the com- 

' Strecker, Ann, Chem, Pharm, cxviii. 162. 

® Capranica, Hoppe-SeyWs Zeitsch, Phys, Chem, iv. 233. 

^ Neubauer and Kerner, Ann, Chm, Pharm, ci.*318. 
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position C5H5N50,(Na0H)o+5H20, separate out, and these are 
decomposed by water and by carbon dioxide (Unger). When 
guanine is dissolved in boiling baryta-water, needles separate out 
on cooling which, when dried over sulphuric acid, lose their water 
and have the composition CgHaBaNgO (Strecker). 

If a concentrated aqueous solution of corrosive sublimate be 
added to a hydrochloric acid solution of guanine, a crystalline 
precipitate, having the composition 2(C5H^,N50,HgCl2) + SHgO, 
is formed. A hot alcoholic solution of sublimate gives, on the 
other hand, a heavy, crystalline powder, consisting of microscopic 
prisms, having the composition 2(C5H5N50,HCl)H^Cl2 + HgO 
(Neubaner and Kcrner). 

Silver nitrate gives a flocculent precipitate in a solution of 
nitrate of guanine, and this dissolves in strong boiling nitric 
acid, and on cooling deposits in fine, needle-shaped crystals, 
having the formula C5H5N50,AgN03 (Strecker). 


THEOBROMINE, CVHgNp.^* 

CAFFEINE, C,Hi,N,02. 

686 These two compounds, which only occur in the vegetable 
kingdom, and which were formerly classed amongst the alkaloids, 
are now known to exhibit chemical analogies with uric acid and 
similar bodies occurring in the animal organism. 

Theobromine^ CyHgN^Og. This body was discovered by Wos- 
kresensky in cocao-beans, the fruit of Theobroma cacao, ^ from 
which cocao and chocolate are prepared. It also occurs in the 
rind,* and, as it appears, in small quantity together with caffeine 
in the young leaves of Himalaya tea.^ In order to extract it 
the powdered beans, which contain about 0*5 per cent., are boiled 
with water, and lead acetate added to the solution until no further 
precipitate is formed. The filtrate is then freed from lead by 
sulphuretted hydrogen, and evaporated to dryness. The residue 
is boiled with alcohol, and, on cooling, theobromine crystallizes 
out, and is then purified by recrystallization or by sublimation. 

Strecker found that when silver nitrate is added to an 
ammoniacal solution of xanthine, an amorphous precipitate of 

' Ann, Chem, Pkann, xli. 125. 

• * Bley, Phann, Central, 1842, 303. 

* ZOllcT, Ann, Chem, Pharm, clviii. 180. 
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xanthine-silver, is formed, and this, when 

lieated with methyl iodide is converted into dimethyl xanthine, 
considered that this body was isomeric 
with theobromine,^ but E. Fischer has shown that the bodies 
are identical. In order to prepare theobromine from xanthine, a 
molecule of the latter is dissolved in a solution of two molecules 
of caustic soda and the boiling solution precipitated with acetate 
of lead, when lead xanthine, CgHgPbN^Og, is thrown down as a 
crystalline precipitate, which, when heated with methyl iodide 
to 100 ®, is converted into theobromine.® 

Theobromine is slightly soluble in water, and forms micro- 
scopic crystals which sublime to a snow-like mass at 290® — 295®.® 
It possesses a bitter taste, which, however, only becomes percep- 
tible after a time. It combines with acids to form unstable 
salts, which resemble those of caffeine. When dissolved in 
ammonia, and silver nitrate added and the mixture boiled, silver- 
theobromine, CyHyAgN^Og, is deposited as a white precipitate. 

On oxidation vrith chromic acid, theobromine yields mono- 
methylparabanic acid,^ whilst aqueous chlorine converts it into 
monomethyl urea and monomethyl alloxan,® and by hydrochloric 
acid and chlorate of potash it is oxidized to dimethyl-alloxantin, 
CgH 4 (CH 3 ) 2 N 40 g + 4 H 2 O (Maly and Hinteregger). 

687 Caffeine, or Methyl Theobromine, CgHj^N^Og. The bitter 
ingredient of coffee was not obtained in the pure state till the 
year 1821,® when it was prepared almost simultaneously by 
Runge,^ Pelletier and Caventon,® and Robiquet ® In 1827 Oudry 
discovered the bitter crystalline principle contained in tea, to 
which he gave the name of thelne ; and Berzelius suggested 
that this compound would be found to be identical with that 
obtained from coffee, and his supposition was proved to be 
correct by the investigations of Jobst.^^ and Mulder.^® A body 
termed guaranine by Martins was afterwards shown by himself,^® 
and by Bertemont and Dechastelus,^^ to be caffeine. 

The exact composition of this body was ascertained by Pfaff 

^ Ann. Cfhem. Pharm. cxviii. 174. ^ Ber, Deut. Chem. Ges. xv. 453. 

* Keller, Ann, Chem. Pharm. xcii. 71. 

^ Ma^ and Hinteregger, MoncUe. Chtm. 1881, 87. 

^ £. Fischer, Ber, DetUsch. Clusm. Oes, xv. 32. 

* Omelin's Handbook, xiii. 224. 

^ Mai»riaJi&n mr Physiologie ; see also Giske, Schweigg. Jowrn. xxxi. 208. 

^ Joum. Pharm. [2], xii. 229. ^ Diet, technol. 

Nmv. Bihl. Med, March, 1827. Ann. Chem. Pharm, xxv. 63. 

Joum. Prakt, Chem. xv. 280. Ann. Chem.^Pharm. xxxvi. 93. 

Ih. xxxvi. 90. 
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and Liebig,^ but Strecker was tho first to obtain caffeine arti- 
ficially. For this purpose he heated silver-theobromine with 
methyl iodide, proving that this body is methyl-theobromine.* 

Coffee-beans contain 0*5 to 2*2 per cent, of caffeine. It is 
found in the seed-cover as well as in the leaves ® of the coffee- 
plant, which contain in the dry state about 1*26 per cent. 
(Stenhouse). The percentage of caffeine in tea varies usually 
between 1*5 and 2*5 per cent., but in some cases it rises to above 
3*2 per cent. Guarana or uarana, termed Brazilian chocolate, 
a material largely used in South America, is the roasted pulp of 
the fruit of Paullinia sorhilis. This substance occurs in com- 
merce in reddish-brown cylinders or balls, and serves as an 
article of diet as well as a medicine. It contains 1‘5 to 5 per 
cent, of the base. Caffeine is also . contained in Paraguay tea 
or yerba mate,*’ a substance obtained from the leaves and small 
twigs of the Ilex Paragimyciisis, and which contains 0*2 to 1*6.* 
It is also found in Kola- nuts, the fruit of the Serculia acitminata, 
used in Central Africa as a food, and this contains about 2 per 
cent, of caffeine.® 

In order to prepare caffeine, tea-dust is employed. This is 
boiled with water, acetate of lead added to the solution until 
no further precipitate occurs, in order to get rid of tannic acid 
and other bodies, the filtrate freed from lead by sulphuretted 
hydrogen, and the whole evaporated to the point of crystallization. 
The impure base is then recrystallized from alcohol, benzene, or 
chloroform. It forms long, silky, elastic needles, which when 
crystallized from water contain one molecule of this substance, 
which is given off at 100°. It dissolves in about 90 parts of 
cold water, and easily in boiling water. It is less soluble in 
alcohol, and still more difficultly soluble in ether. On the other 
hand, it dissolves readily in chloroform and benzene. It possesses 
a slightly bitter taste, melts at 234° — 235°, and sublimes without 
decomposition. 

In order to determine the amount of caffeine in tea or coffee, 
10 grams of the substance, which must be well dried and 
powdered, are boiled with water, and the filtrate evaporated to 
dryness with 2 grams of magnesia and 5 grams of glass powder. 
The caffeine is then extracted with a mixture of 1 part of 

' Ann, Pharm, i. 17. ’ Ann, Chem. Pharm. cxviii. 170. 

* Van derCorput, Qmelin*a Handbook, xiiL 226 ; Stenhouse, Ann, Chem, Pharm, 
Ixxxix. 244. 

* Stenhouse, Men^, Chem, Soe i. 218. 

* Attfield, Pharm, Jo\t>m, Tram, [2], vi. 45. 
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chloroform and 3 parts of ether, and the solution evaporated to 
Mryness. 

Caffeine has a neutral reaction. It is a very weak base, the 
salts of which are decomposed by water or on warming. As 
the older literature on the subject contains many contradictions, 
E. Schmidt has recently investigated the subject anew.' 

Hydrochloride of Caffeine, CgHi^N^OgjIICl + SH^O, separates 
from a solution of the base in concentrated hydrochloric acid in 
rhombic prisms, which lose water and acid on exposure to air, 
and on heating to 100 ® leave pure caffeine. If hydrochloric 
acid gas be passed over caffeine, it absorbs two molecules of the 
gas, which dre gradually given off again on exposure under the 
exsiccator.® The platinichloride, (C 8 Hj^N^ 02 ,HCl) 2 PtCl 4 , is 
difficultly soluble in water and alcohol, and separates from hot 
water in small yellow crystals. When concentrated solutions of 
auric chloride and caffeine hydrochloride are mixed, the solution 
solidifies to a splendid, lemon-yellow, crystalline mass, which is 
deposited from alcoholic solution in long, orange-yellow needles, 
having the composition C8Hj^N402,HCl(AuClg).® 

Caffeine Sulphate, C8HigN^02,S04H2, separates in glistening 
needles from a hot alcoholic caffeine solution to which sulphuric 
acid has been added. 

Caffeine Acetate, CgHj^N^Og, (0211402)2, forms needle-shaped 
crystals, which lose acid on exposure to air, and more readily at 
a high temperature. Butyric and valeric acids also form com- 
pounds with caffeine, but these contain only one molecule of 
the acid. 

The material occurring in commerce termed citrate of caffeine 
is not a salt, but the base itself. 

Caffeine is poisonous. It produces increased action of the 
heart and nervous irritability : 0'3 gram of the body given to a 
rabbit produces symptoms of poisoning, whilst 0*37 to 0.5 gram 
killed both a rabbit and a cat in the space of half an hour to 
two hours. In the process of roasting the coffee does not lose 
any perceptible amount of caffeine, and its pliysiological action 
depends to a certain extent upon the presence of this base, but 
not entirely upon this, as it has been shown that tea has a 
different action upon the nerves than coffee, and in the latter case 
the aromatic oil which is formed in the process of roasting plays 


* Bet. Dmtach, Cktm, Oea, xiv. 814. 

* Mulder, Pogg. Ann, xliii. 161. 

’ Kicholson, Ann, Cham, Pharm, Ixii. 71. 
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an important part,^ whilst in the case of tea the large quantity 
of tannic acid which it contains modifies the action of the "'' 
caffeine. 

Coffee acd tea, and probably other dietetics which contain 
caffeine, stimulate nervous action and diminish metabolism, 
and for this reason the desire for sleep and nourishment after 
the use of such beverages becomes less. Tliis fact appears 
to have been long known to the Arabs, who accordingly use 
coffee in their feasts and nocturnal religious ceremonies. The 
Arabic word for coffee-bean is Bmonne, but the beverage is 
termed Kahwa, derived from Ikha, signifying distaste (for food 
or sleep) 

688 By the action of concentrated nitric acid on caffeine, Sten- 
house obtained a compound having the composition C^H^NgOg, 
to which he gave the name of nitro-tUcvm? Rochleder then 
found that this body is also obtained when caffeine is treated 
with chlorine in presence of water, whilst, together with this, 
amalic acid, methylamine, and cyanogen chloride 

are formed. Stenhouse’s. compound was termed cholestrophane,^ 
owing to its similarity to the hodj cholesterinc contained in the 
bile. Strecker then showed that this compound is dimethyl- 
parabanic acid, and that amalic acid is tetramethyl-alloxantin.® 
He also proved that when caffeine is heated with baryta-water, 
carbon dioxide and caffeidine, C^H^gN^O, are formed.® This latter 
body is a strong base, which, when further heated with alkalis, 
yields ammonia, methylamine, sarcosine (methylamido-acetic 
acid), formic acid, and carbon dioxide : 

CyHigN.O + sup = NH, + 2CH3.NH2 + 

C^H^NO^ + CHP3 + CO^. 

These reactions show that caffeine contains the methyl group 
three times, and that its constitution must be very similar to 
that of uric acid. The investigations of E. Fischer have sub- 
stantiated this in a remarkable manner. He has shown that 
caffeine, when acted upon by oxidizing agents, is converted 
first into dimethyl-alloxan and monomethyl-urea, whilst uric 
acid thus treated gives, as has been stated, alloxan and urea. 

^ Lehmann, Ann, Chem, Tharm, Izxxvii. 207 and 275. 

! Arabe, » Mem, Chem. Soc. i. 219,239. 

• Rochleder, Ann, Chem, Pharm, Ixxiii. 66. 

® Ann, Chem, Pharm, cxviii. 174. « lb, cxxiii. 360. 

Schultzeo, Zeitach, Chem, 1867, 614 ; Rosengarten and Strecker, Ann, Chem, 
Pharm, clvii. 1. # 
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Fischer has moreover prepared a series of other derivatives, 
^ the relations of which enable us to explain the constitution of 
iaffeine in a simple way.^ 

Chlorcaffcine, CgHgClN^Og, separates from aqueous solution in 
a voluminous crystalline mass, and crystallizes from water in 
needles (Rochleder). 

Brmncaffelne, CgH^BrN^Og, was first obtained by Schultzen,® 
and then investigated by Fischer. When 1 part of caffeine is 
brought in contact with 5 parts of bromine, a dark-red addition- 
product.is obtained, which,, when heated for twelve hours and the 
excess of bromine distilled off and the residue heated to 150®, 
is converted into bromcaflFeine. In order to purify this product 
it is treated with aqueous sulphurous acid, dissolved in concen- 
trated hydrochloric acid, and precipitated with water. It closely 
resembles the chlorine compound. It melts at 20G®, sublimes 
when, gently heated, and is difficultly soluble in water and 
alcohol. When heated with alcoholic ammonia, amidocaffeine, 
CgHg(NH 2 )N 40 , is formed, a body crystallizing in fine needles, 
and which can be distilled without decomposition. It is easily 
soluble in strong hydrochloric acid, and is precipitated again by 
water. 

When broracaffeine is boiled with alcohol and caustic potash, 
ethoxycaffeiTie, CgH 9 ( 0 C 2 H 5 )N 402 , is formed, a body which 
yields colourless crystals, melting at 140°, difficultly soluble in 
water, but dissolving readily in alcohol. 

689 Hydroxycaffehu, CgHg(0E[)N402, is formed, together with 
ethyl chloride, when a hydrochloric acid solution of the last- 
named compound is warmed. It crystallizes from iiot water in 
white foliated needles, which melt at about 350®. It is an acid 
yielding a crystalline potassium Salt. With bromine it forms an 
addition-product which is very unstable, and is converted by 
alcohol into diet1wxyhydroxy<nffeine, CgHg( 0 H)N 402 ( 0 C 2 H 5 ) 2 . 
This crystallizes from hot alcohol in fine prisms, which melt 
without decomposition at about 200 ®, and it is also easily formed 
when hydroxycaffeine is suspended in alcohol and bromine 
added. On evaporating it with strong hydrochloric acid, apo- 
caffeine, C 7 H 7 N 3 O 5 , is formed, a body crystallizing in opaque 
prisms which melt at 147® — 148®. On boiling with water it is 
converted, with evolution of carbon dioxide, into hypocaffeiiTie, 
OgHyNgOg, which, on cooling, is deposited in large crystals 

* Ber, Deutsch, Chenu Oes. xiv. 637 and 1905, xv. 80. 

* Zeitseh. Chem. 1867, 614. 
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melting at 181®. It is an acid, and a very stable body, not acted , 
upon by oxidizing or reducing agents, but easily attacked by 
alkalis. 

Gaffolin, CfiHgNjjOg, is formed when hypocaffeine is warmed 
together with baryta-water or acetate of lead. It crystallizes 
from hot water in long white prisms, which melt at 194® — 196®, 
On oxidation ^ith alkaline ferricyanide of potassium solution it 
yields methyl-urea and methyloxamic acid : 

CfiHoNsO, + HgO -h O = C,H,N,0 -h C3H,N03. 

An alkaline permanganate solution oxidizes it to ammonia, 
carbon dioxide, and dimethyloxamide. 

Caffuric Acid, CgH^NgO^, is formed as a by-product in the 
preparation of hypocaffeine. It is easily soluble in water, and 
crystallizes from hot alcohol in splendid, glistening prisms, which 
effloresce on exposure. It is a monobasic acid, and on heating 
with lead acetate is converted into mesoxalic acid, methylamine, 
and methyl-urea ; 

CeHgN30, + SHp = C3H ^ -h CH^N + C^H^NgO. 

On reduction it is converted into hydrocaffuric acid, OgHgNgOa, 
crystallizing in needles, and melting at 245®. 

6go Aumlic Acid or TetrameihyUalloxantin, C 8 (CH 3 ) 4 N 407 -f 
HgO. It has already been stated that Rochleder, by acting with 
chlorine upon caffeine in presence of water, obtained the so-called 
amalic acid, this name being derived from afidkt,^, weak, to 
indicate the weak acid nature of this bod}^ as well as the slight 
afflnity with which its elements are united.” According to Fischer 
it is best obtained by the following process. Fifteen parts of 
caffeine are dissolved in 20 parts of hydrochloric acid of specific 
gravity 1*19, and 45 parts of water warmed to 50°. To this 7 parts 
of potassium chlorate are gradually added, till a clear solution is 
formed. This then contains methyl-urea, dimethyl-alloxan, 
apocaffeine, and caffeic acid (Maly and Hinteregger). On eva- 
poration,^ the dimethyl-alloxan is converted into tctram ethyl- 
alloxan. This is more readily obtained if the hydrochloric acid 
solution, diluted with an equal volume of water, be treated with 
as much sulphur dioxide as is sufficient to neutralize the free 
chlorine, and then saturated with sulphuretted hydrogen. The 
precipitate is filtered off and boiled with water, and on cooling 
amalic acid separates out in crystals, whilst methyl-urea can be 
prepared from the first filtrate. 

VOL. HI. z* 
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Amalie acid is difficultly soluble in cold water, and also but 
slightly soluble in hot water, and it forms transparent crys- 
tals. In its properties it resembles alloxantin. Sulphuretted 
hydrogen reduces it to dimethyl dialuric acid, the solution of 
which brought together with dimethylalloxan again yields 
amalic acid (Majy and Hinteregger). When brought on to the 
skin it imparts to it a red colour and a disagreeable smell ; it is 
coloured dark violet by alkalis, and yields with ferrous sulphate 
and the addition of an alkali, an indigo-blue precipitate. Heated 
alone it becomes yellow, and afterwards a reddish-brown, and 
then dissolves in water with a purple-red colour. In the 
presence of air, water, and ammonia it forms murexoin, a body 
which, according to Gcrhardt, is tetmmethyl-^urexide, Cg(CH3)4 
N50g(NHJ. This crystallizes from hot water in scarlet-red, four- 
sided prisms, of which two of the surfaces reflect light with a 
golden lustre.^ 

Test for Gaffoine, The formation of the last-named body has 
been employed for the detection of caffeine and theobromine. 
The substance is dissolved in chlorine water, and evaporated to 
dryness, when a purple-red residue remains, and this on heating 
and addition of ammonia becomes red again. In this way the 
presence of caffeine in a single coffee-berry can be detected.* 
When amalic acid is carefully oxidized with nitric acid, 
dimethylalloxan, C4(CH3)2(0H)2N203-|-H20, is formed, a body 
crystallizing in thick six-sided tables, and staining the skin 
rod, but not imparting to it a disagreeable smell.® 

691 Caffcidine^ C^HigN^O, is formed from caffeine, as has 
been stated, by loss of carbon dioxide and addition of hydrogen. 
In order to prepare it, caffeine is heated with ten times its 
weight of crystallized barium hydroxide, dissolved in water, 
and boiled until an evolution of ammonia and methylamine is 
noticed. The excess of baryta is then thrown down by dilute 
sulphuric acid and the solution concentrated, when, on standing, 
caffsiMm mlphate, C7Hi2N40,S04H2, separates out in thick 
needles. The free base which is prepared from the salt is an 
oily liquid, soluble in water, and having a strongly alkaline 
reaction, and decomposing on heating. The hydrochlor'ide, OyHjg 
N40,C1H, crystallizes in needles, and yields a platinichloride which 
crystallizes from water in large orange-yellow needles, containing 

^ Rochleder, Ann. Chtin. Phanri, Ixxi. 1, Ixxiii. 56. . 

^ Schwarzenbach, Jahreab, 1861, 891 ; 1864,* 730. 

• Maly and Andreasch, Monatah. iii. 92. 
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either two or four molecules of water. Caffeidine unites with 
ethyl iodide to form the compound C7Hii(C2Hg)N40IH, and the 
eihyl-mff&iMne which can be obtained from this is capable 
of again uniting with ethyl iodide.^ 


692 Like uric acid, caffeine contains three atoms of carbon 
which are directly united with one another, and, like this body, it 
is a diure'ide in which three methyl groups occur. In addition to 
this, caffeine contains one atom of hydrogen capable of being 
replaced by chlorine, bromine, hydroxyl, &c., and lastly its power 
to form addition-products shows that two of its carbon atoms 
are connected by double linkages. From these considerations, 
from the reactions already treated of, and from the fact of its 
artificial formation from xanthine, the following constitutional 
formulas for some of the above-mentioned caffeine compounds 
are derived ; 


Xanthine. 


HN— CH 

I 11 

CO C— NH 

I I 

HN— c:zN 


Cu'iiiinc. 

IIN CH 

I II 

CUNH C— NH 

I I 

HN CZN 


Theobromine. 

CH3.N— CH 

I II 

CO C— N.CH, 
^CO 

HN— CUN 

Oxycaifeine. 


CH-.N— C.OH 

I 11 

CO C— N.CH, 

\co 

CH,.N— CUN 


Caffeine. 

CH3.N— CH 


CO C— N.CH, 


\ 


CH3.N— C_N 


(X) 


Diuethohydrozyc.'iffeine. 

^OH 

CII3.N 


-c/ 

^OCJI. 


coc 




\ 


CH3.N— C“N 
* E. Schmidt, Bcr. Deulteh. Chem, Oes, xir. 816. 


N.CH* 

\co 


z* 2 
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Cnffuric Acid. 

CO.OH 


HO 


i— N. 


H(CH 3 )N, 


I : 

.crN 


CHg 

yco 


Oafiolin- 


HO.CH— N.CHg 

^00 

HCCHjJN.C N 


CaiTeidine. 

H(CH 3 )N— CH 

C— N.CH 3 

I 

H(CH3)N— CITN 


} 


> As xanthine can be easily obtained from guanine it may 
prove possible to prepare theobromine and cafFeine, substances 
which arc constituents of several important articles of food, 
from guano. 


GUANAMINES. 


693 These weak bases may conveniently be described here, as 
they contain besides acid residues also the residue of guanidine, 
which can be transformed into a urea- residue by the replace- 
ment of the imido-group by oxygen. 

The first known member of this group was obtained by* 
Nencki^ by heating guanidine acetate, and termed by him 
guanamine ; he explained its formation by the following 
equation : 

3 CH 5 N 3 .C 2 H ,02 = C4H7N5 + 2C2H,02.NH3 -f COg -t- 2NH3. 

He found afterwards that guanidine formate yields the lower 
homologue, and to this ho gave the name oi formchg'u^namine, 
distinguishing the first obtained body as aceto-guanamine.® 
According to Weith, the following equations represent the 
mode of formation of these bases : 


( 1 ) CH3.CO.OH -b 2C(NH)(NH2)2 = 


CH3.C 


^N.C(NH)NH2 

\nH.C(NH)NH8 


* Her. DevUieh. Chetn, Oes. vii. 776, 


+ 2HjO 


* Jb. 1684. 
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(2) CH3.O 


^N.C(NH)NH3 

\nH.C(NH)NH3 


. C =:NH 

= CH8.C ^NH + NHj. 

\nh.c = NH 


The water which is formed decomposes a part of the guanidine 
with formation of ammonia and carbon dioxide, whilst the excess 
of acetic acid forms ammonium acetate.^ 

Nencki afterwards prepared higher homologues of this group. 
He then distinguished the first member of the series by the 
name of guanaminc simply ; whilst aceto-guanaminc he termed 
methylene-guanamine, and to the butyro-guanamine he gave the 
name of propylene-guanamine.^ As, however, the higher mem- 
bers of this series differ from the first by the replacement of 
one atom of hydrogen in the methenyl gro\ip by alcohol radicals, 
these compounds may appropriately be designated, as has beei| 
suggested by Henry Watts, by the names guanamine, methyl- 
guanamine, propyl-guanamine, &c.® 

Quanamine, ot Formo-guanartmic, CgH^Ng, crystallizes from hot 
water in rhombic needles, which melt at 350^ and have a faintly 
alkaline reaction. Its salts crystallize well, and are for the most 
part readily soluble. The oxalate, C^HgNg.CgHgO^, however, is 
a crystalline precipitate which is insoluble in cold, and but 
slightly soluble in hot, water. 

Methyl-guanamine, ox Acdo-yuanaminc, C^H^Nr,, is obtained by 
gradually heating guanidine acetate until the residue boils 
constantly at 228“ — 230“. It is kept at this temperature for 
about fifteen minutes, allowed’ to cool, and the residue then 
extracted with a small quantity of hot water. On cooling, the 
acetate separates out as a jelly, which is pressed, and then 
decomposed with caustic soda solution. 

Methyl-guanamine is only slightly soluble in cold water, but 
dissolves readily in hot water and in alcohol. It crystallizes from 
aqueous solution by rapid cooling in mother-of-pearl glistening 
scales, whilst, when slowly cooled, large rhombic plates or needles 
are deposited, containing water of crystallization, which they 
readily lose in contact with air. It is tasteless, has a faintly 
alkaline reaction, and yields salts which crystallize well. 

Methyl-guanamine is not poisonous, and after administration 
passes unchanged through the animal organism into the urine. 
GvAXTiamim Hydrochloride, C4H7N5,HCr -f 2H2O, crystallizes 

^ Ber, Deutsch, Ckcm, Gea, ix. 458 ; Nencki, ib, 1013. ^ 2b, 228. 

5 Diet, Che^niatry, Siippl. iii. 901. 
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in monoclinic prisms or tables. The platinichloride is a yellow 
crystalline powder, which dissolves readily in water. 

Qimnid, 04HflN40, is formed by boiling methyl-guanamine with 
concentrated potash solution : 

C4H7N5 + HgO = C^HeN^O + NH3. 

It is a chalk-white crystalline powder, practically insoluble in 
water and alcohol. It dissolves readily, however, in the fixed 
alkalis, and with mineral acids yields crystalline readily-soluble 
salts. Its constitution is probably expressed by the following 
formula : 

\nh— CO 

Gummmide, C^HgNgOg, is formed by heating methyl-guana- 
mine with concentrated sulphuric acid. It dissolves readily in 
water, alkalis, and acids, and crystallizes from hot alcohol in 
small rhombic needles. Nitric acid oxidizes it to cyanuric 
acid. When heated with bromine, it yields trihromguanamide, 
C4ll2BrgN302, which fonns small crystals insoluble in water, 
and when boiled in contact with this liquid it splits up into 
cyanuric acid and bromoform.^ The constitution of guanamide 
is shown by the following formula ; 

N _00 

CH3.C /NH. 

\nh— CO 


Nencki and Baudrowski have prepared the following members 
of the guanamine series.* 

M.P. 

r ( Sublimes 

Propyl-guanamine, C3H7.C3H4N5 ] < without 

^ t melting. 

Isopropyl-guanamine, (OH3)2CH.CgH4N5 rhombohedrons — 
Isobutyl-guanamine, (CH3)AH3.C3H,N3 { } 172 ». 175 ' 

C microscopic ) 

Amyl-guanamine, (0113)203115. C3H4N3 •< quadratic w 77 ®- 178 ® 
• I pyramids. J 


' Ber. Beutach Chem. 0a. ix, 233, 
° lb. ix. 228 and 240. 
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694 When three atoms of hydrogen in a paraffin are rejdaced by 
chlorine, bromine, hydroxyl, &c., compounds are obtained which 
may be looked upon as derived from triad alcohol radicals. Of 
such compounds many have been described in the foregoing 
pages. Thus, for example, chloroform or methenyl trichloride, 
CHCI 3 ; ethyl orthoacetate, CH 3 .C(OC 2 H^) 3 , &c. The reasons 
of this classification are that these bodies not only stand in close 
connection to the compounds under which they have been 
described, but that the corresponding alcohols are not known 
inasmuch as compounds which contain more than one hydroxyl 
combined with carbon do not exist, or, at any rate, are very 
unstable bodies. to within recent years only one alcohol 
belonging to this group was known, namely propenyl alcohol, 
glycerol, or glycerine. At present several others belonging 
to the same group have been obtained, but they have as yet 
been but imperfectly studied. There is, therefore, less necessity 
than there otherwise would be for a general description of these 
bodies and their derivatives. The triad radicals themselves, it 
may be remarked, are not known in the isolated state. 


PROPENYL ALCOHOL, GLYCEROL, OR GLYCE- 
RINE, C3H3(0H)3. 

695 Scheele, in 1779, when preparing lead plaster by heating 
olive oil with litharge, obtained a soluble sweet-tasting substance, 
and in 1784 he found that the same principle could be got from 
other oils, as well as from butter and lard. To this material 
he gave the name of " the sweet principle of fats,” ^ and it after- 
wards bore the name of Scheele’s sweet principle or oil-sugar. 

^ 0pu8c, ii. 175. 
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Later on it was more carefully investigated by Chevreul, who 
determined its composition with tolerable exactitude, and gave 
to it the name which it bears of glycerine, or, as we now prefer 
to term it, glycerol.^ The formula of the body was, however, first 
determined by Pelouze, whoso experimental results corroborated 
ChevreuFs views, that the fats are ether-like compounds of the 
fatty acids.^ From this time glycerol was looked upon as a 
compound analogous to alcohol, but the views respecting its 
constitution were somewhat undecided. Berzelius supposed 
that it contained the radical li^yl, which afterwards united 
with oxygen to form lipyl oxide, and he believed that two 

molecules of this united with three of HO, forming the hypo^ 
theticdl anhydrous glycerol, G^H^O^, which with water forms its 
hydrate, free glycerol, C^H>^ 0 ^,H 0 . According to Liebig the 
radical glyceryl, C^H^, forms the starting-point of the body. This 
yields the oxide, G^H^O^, which again combines with water to 
form the hydrate of glyceryl oxide. 

It was not until the extended researches of Berthelot and 
de Luca, which will be referred to further on, that a clear light 
was thrown upon the constitution of glycerol. According to 
Berthelot it stands to ethyl alcohol in the same relation as 
ortho-phosphoric does to nitric acid.^ It was Wurtz, however, 
who proved that glycerol is the alcohol of a triad radical^ 
to which, instep of glyceryl, he gave the more suitable name of 
propenyl, in order to show its relation to propyl and propylene. 

696 Preparation. Most of the fats and oils occurring in the 
animal and vegetable kingdoms are propenyl ethers of the fatty 
acids, and of those of the series C^Hgn.202> many of these may 
be employed for the preparation of these acids and of glycerol. This 
latter compound is also a product of the alcoholic fermentation of 
sugar, and is contained in beer and wine. It may likewise be pre- 
pared, according to the method of Scheele, who gives the following 
description. “ It is not generally known that all solid oils obtained 
by pressure contain a natural sweet principle which differs in 
its special relations and properties from the other well-known 
saccharine materials occurring in the vegetable kingdom. This 
sweet principle makes its appearance when oils of the kind are 
boiled with litharge and water until the whole of the litharge 

^ Recherches awr lea corps, graa. Ac. 209 and 838. 

^ Ann. Chean. Phami. xiz. 210 ; xx. 40. 

‘ Comptea Bmdns, xxxix. 745. c 

^ Ann. Chim. Pkya, [3], zliii. 492. 
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is dissolved by the oil. Water is then poured upon the 
emplastrum simplex thus formed, the whole boiled for a few 
minutes, and, on cooling, the liquid is filtered off from the 
plaster, and boiled until the residue becomes syrupy.” ^ This 
method of preparation was used for many years with the sole 
alteration that sulphuretted hydrogen was passed through the 
solution in order to free it from lead. As, however, towards the 
middle of the present century, the use of glycerol for a great 
variety of purposes became extended, it was found necessary to 
obtain it in large quantities. It did not appear possible at that 
time to prepare it from the soap-boilers' leys, in which it is 
contained in very dilute solution, mixed with alkali and common 
salt. On the other hand, it proved easy to obtain it as a by- 
product in the manufacture of stearic acid, and the two 
manufactures were easily worked side by side. 

The saponification of the fats,^ which are glycerides of palmitic, 
stearic, and oleic acids, such for example as tallow, palm-oil, &c., 
may be carried out in many ways, as, for example, by distillation 
in a current of superheated steam, when the fat decomposes 
into the fatty acid and glycerol with assumption of the elements 
of water. This process, however, has OTily come into partial use ; 
the one which is now most generally employed, with certain 
modifications, being that known as Milly’s, For this purpose 
the fat is gradually heated to 150'’ with from 2 to 3 per cent, 
of sulphuric acid, and then distilled with water under pressure, 
or simply heated. The sulphuric acid is removed from the 
aqueous solution of glycerol thus obtained, lime or barium 
carbonate, and the solution concentrated. Another process by 
which a purer product is obtained is that of lime saponification, 
the fat being heated with lime and water in closed boilers, and the 
lime soap thus formed decomposed by hydrochloric acid, whilst 
the glycerol solution is exactly neutralized with sulphuric acid 
in order to precipitate the lime, and then evaporated. 

In order to purify commercial glycerol it is diluted to a 
specific gravity of 1 ' 07 , decolourized by means of animal charcoal, 
concentrated in a vacuum pan, and this operation repeated if 
necessary. The refined glycerol thus obtained is, however, by no 
means a pure product, and is inapplicable to certain uses. 

^ Sdmtl, W&rlcey Dmtach, von ITerrnbstddt, 1793, ii. 355. 

• By the term saponification was originally meant, of course, the converaion of 
fat into soap. At the present time the word is used to express generally the 
decomposition of an ethereal salt into an alcohol and an acid. 
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The most important improvement in the glycerol industry was 
made in 1855, when Wilson and Payne patented a process for 
purifying this substance by distillation. A current of steam at 
a temperature of 100® to 110® is passed through glycerol which 
has been concentrated at as low a temperature as possible to 
a specific gravity of 1*15, and this process continued until the 
distillate has no acid reaction. The temperature of the super- 
heated steam is then raised from 170® to 180®, and the vapours 
of glycerol and water which pass over are collected in a series of 
condensers surrounded by non-conducting surfaces, so that the 
pure glycerol collects in the first condenser, whilst the second 
contains a* mixture of glycerol and water, and the last water 
alone. This process was first carried out on the large scale 
by Price’s Patent Candle Company, and the glycerol thus 
obtained is known in commerce as ^‘Price’s glycerine.” 

Another mode of purification which yields an excellent product 
is that introduced in 1871 by Messrs. Sarg, Son, & Co., of Vienna. 
In this case glycerol is cooled down from 0® to + 5®, and a small 
quantity of crystallized glycerol added. This produces crystal- 
lization of the mass, which, according to its purity, becomes 
wholly or partially solidified. The crystals which are then 
broken up are freed from the mother-liquor by drying in a 
centrifugal sieve. 

Distilled glycerol often possesses a peculiar rough taste and 
in this case requires to be further purified by crystallization. 

A new process for obtaining glycerol from soap leys has been 
proposed by Clolus. The leys are neutralized with hydrochloric 
acid in order to separate out any fatty acid. The filtrate is then 
evaporated until it attains a specific gravity of 1‘27, and the 
salt which separates out is removed by means of a centrifugal 
sieve. The solution is treated with hot air, and the salt again 
allowed to crystallize out. The last traces of common salt are 
then removed by addition of fuming hydrochloric acid, and this 
got rid of by a current of hot air or by means of lead oxide. If 
the leys are strongly alkaline, they are first treated with carbon 
dioxide in order to separate out bicarbonate of soda, and the 
operation conducted as described. The impure glycerol is then 
purified by distillation or crystallization.^ Several other processes 
for extracting glycerol from soap leys have been patented.* 

^ Berl DevUch, Chim, Oes» xv. 402. 

* Ih, xv. 548, 1097. For list of patents concerning extraction of glycerol from 
soap leys, see Journal of Society qf Chemical lnji%MAry^ 1882-3. 
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It was formerly supposed that the various fats did not contain 
the same glycerol but that in all probability homologous glycerols 
were contained in them. This, however, has been shown not to 
be the case.^ 

Synthesis, Glycerol was first obtained synthetically by Friedel 
and Silva. For this purpose acetone is converted into isopropyl 
alcohol; this is then transformed into the iodide from which 
propylene can be prepared. On heating the dichloride with 
chloride of iodine propenyl trichloride is obtained, and this, on 
heating with twenty times its volume of water to 160®, is 
converted into glycerol.^ 

697 Properties, Glycerol is a thick liquid having a pure sweet 
taste. It rapidly absorbs moisture from the air, and is miscible 
with water and alcohol in every proportion, but is insoluble in 
ether and chloroform. When quickly cooled it does not crystal- 
lize, but solidifies at — 40® to a gum-like mass. It was not 
believed to be crystallizable until crystals were accidentally 
observed ^ in the winter of 1867. Since that time it has been 
found that if it be allowed to stand in a sufficiently concentrated 
condition at 0®, crystals form after some days, or it may be 
after some weeks. These have the appearance of sugar-candy 
and belong to the rhombic system. They are hard and gritty 
between the teeth, but deliquesce on exposure to air. Their 
melting-point has been differently stated, probably depending 
on the fact that they are very hygroscopic. The highest melt- 
ing point was found by Kraut to be 22® — 22®-6. This, however, 
he believes to be too low.* Pure glycerol has a specific gravity 
at 12® of 1*269 and hoils at 290®, a small quantity of poly- 
glycerols (see p. 351) being, however, formed.® Under a 
diminished pressure of 50 liim. it boils at 210®. Nevertheless,^ 
it evaporates to an appreciable extent at 100®, and hence care 
must he taken in the determination of glycerol in beer, wine, 
&c. Lentz ® has constructed tables giving the specific gravity 
of mixtures of glycerol and water. 

In presence of salts it decomposes on heating, with 
formation of a variety of products, amongst which strongly 

^ Hofmann, Jmm, Chem, Soe, xiii. 71. 

^ Bull, Soe. Chim, zx. 98. 

» Crookes, Chem. News, xv. 20 ; Gladstone, Journ, Chem. Soc. [2], v. 384 ; 
Sarg, ZeUach, Chem, 1867, 70. 

^ Ber, EfUw. Chem, Ind, ii. 012. 

^ Bolas, Jimnn, Ch/iyi. Soc, [2], ix. 84. 

* Freseniua'f ZeUach, ziz. 802. 
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smelling acrolein, CgH^O, always occurs. When heated to 
150® glycerol takes fire, burning with a steady blue but non- 
luuiinous flame, and glycerol when not too much diluted with 
water may be burnt like oil by means of a wick.^ 

If a particular species of schizomycetes be added to a toler- 
ably dilute aqueous solution of glycerol, together with calcium 
carbonate and the materials necessary for the growth of the 
plant, fermentation takes place, butyric and caproic acids and 
butyl alcohol being formed, together with a very small quantity 
of propyl alcohol and ethyl alcohol (Fitz). In addition to these 
products trimethylene glycol (Freund, see p. 130) and phoron, 
C 9 H 14 O, (Part I., p. 572) are also formed. The latter is like- 
wise produced when a mixture of quicklime, zinc-dust, and 
glycerol is heated in a current of hydrogen to a point not quite 
reaching a red-heat.^ Another schizomycetes {Bacillus subtilis) 
yields, on the other hand, mainly ethyl alcohol and butyric 
acid.® 

Many metallic oxidcJs dissolve in glycerol ; amongst these are 
the alkaline earths, lead oxide, cupric oxide, and ferric oxide. 
Many salts, especially deliquescent ones, also dissolve in it, as 
well as some which are not deliquescent, as saltpetre, silver 
nitrate, tartar emetic, mercuric iodide, gypsum, &c. 

Cold nitric acid oxidizes glycerol to glyceric acid. At the 
same time formic acid, glycollic acid, glyoxylic acid, and 
racemic acid,* oxalic acid, tartronic acid, mesotartaric acid and 
hydrocyanic acid are formed. 

The formation of racemic (doubtless glycotartaric) and meso- 
tartaric acids can readily be explained. On oxidation of 
glycerol the first products are either glyoxal or aldehydic acid, 
C 0 H.CH( 0 H).C 02 H, both of which are converted into a tartaric 
acid by the action of hydrocyanic acid.® 

Glycerol is largely used for a variety of purposes ; by far the 
largest amount employed in the manufacture of nitro-glycerol. 
It is also used as an article of food, being easily digestible and 
tasting like cane sugar, from which, however, it is distinguished 
inasmuch as it does not enter into fermentation under the same 
conditions as this latter body does, and also as its solutions do 
not dry up or crystallize. Hence it finds its way to the cellars 

^ GodeiTroy, Ber. Veutsch. Chem, Gea, vii. 1566. 

^ Schulze, Ber, Dmtsch, Ckem» Oea, xv. 64. 

^ Heintz, Ann. Chem, Pharm, clii. 825. 

^ Frzybytek, Bar, Deutach. Chem, Oea, xiv. 207L 


* Fitz, vb,. xi.'l892. 
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of the brewer and wine-dealer, as it is used to “ improve ” the 
quality of wine, and is said to impart keeping power to beer.^ 
It is also employed in the manufacture of lemonade, liqueurs, 
fruit preserves, vinegar, mustard, &c. The fact that it prevents 
access of air to bodies with which it is covered makes it useful, 
instead of oil, for greasing the parts of moving machinery, w’hilst 
its hygroscopic properties render it available for preventing 
the drying up of copying ink, of snuff, and microscopic pre- 
parations, &c. For the same reason it has been also employed 
in working up vegetable and animal fibre, and is also used, 
either alone or in combination with soap, as a means of 
rendering the skin supple, and it has proved especially valu- 
able in hot countries in allaying the inflammatory effects of 
heat upon the skin.^ A mixture of equal weights of glue 
softened in water, and of glycerol of specific gravity 1*225, when 
heated together form an elastic mass used for casting stereotype 
plates. 

Mixtures of glycerol and water solidify at a lower tempera- 
ture than pure water. Thus, for example, a 50 per cent, 
solution having a specific gravity of 1*127 solidifies at — 31®,^ 
For this reason such a mixture has been used for filling gas- 
meters; this not only preventing the freezing but also the 
evaporation of the liquor. 

6g8 Sodium Fropcnylatey C3H5(0H)20Na, is best obtained by 
mixing glycerol with a solution of sodium in alcohol when it 
deposits in small crystals grouped in stellar groups which con- 
tain a molecule of alcohol. This latter is evolved at 100®, the 
sodium compound remaining behind as a white deliquescent 
powder. It is also obtained by acting with sodium amalgam 
on glycerol ; sodium itself only acts slightly in the cold, but 
when warmed the action is so violent that the mass becomes 
strongly heated and the whole carbonizes.* 

IHsodium Propenylcde, C3H5(0Na)20H, is obtained when the 
foregoing compound is heated with sodium ethylate and absolute 
alcohol. It forms a white very deliquescent mass.® 

Glycerol also, like sugar, combines with lime to form a soluble 
compound,® and likewise with strontia and baryta. We are, 

^ Kraut, he, cit, 509. 

* 76. 510. 

* Fabian, Dingier' s Polyt, Joum, civ. 345. 

* Letts, Chem, Soc, Joum, zxv. 450. 

" Lo^bisch and Looss, Mmataeh, Chem. ii. 842. 

® Carles, Pharm, Joum. Trans. [3], iv. 550. 
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moreover, acquainted with soluble glycerates which, together 
with potassium, contain iron, copper, or bismuth,^ but none of 
these compounds have as yet beep obtained pure. 

Dipropenyl Sodium Manganite, (CjHglgNagMnOfl. This , 
singular compound is formed when freshly precipitated man- 
ganese dioxide is heated with caustic soda and glycerol. In the 
moist state it is of a bright scarlet colour and forms when dry a 
light yellowish-red indistinctly crystalline powder. It possesses^^ 
a weak alkaline and somewhat astringent taste. It is insoluble ' 
in alcohol but dissolves in a mixture of equal volumes of alcohol^ 
and glycerol, yielding a deep blood-red colour. Its aqueous 
yellowish-red solution decomposes easily with separation of 
manganese dioxide. The corresponding potassium compound is 
only known in solution. It has a deep ruby-red colour and is 
not precipitated by alcohol. 

THjpropenyl Strontium Manganite^ ( 03 H 5 ) 3 ( 0 H) 3 SrMn 0 g. This 
is a light ochre-yellow crystalline substance which readily falls 
into powder. It is insoluble in alcohol and is almost instantly 
decomposed by water, and possesses a strongly alkaline reaction 
and a disagreeable metallic taste. 

Manganese dioxide dissolves in solutions of calcium hydroxide 
or caustic baryta in glycerol, yielding a yellowish-red colour, but 
the compounds thus formed have not been obtained in the solid 
condition.* ** 

699 Detection of Glycerol in Beer, &c. The action of glycerol on 
borax is peculiar, as it takes up free boracic acid from this sub- 
stance. Hence this reaction is very well adapted to indicate the 
presence of glycerol in beer, wine, &c. For this purpose 50 to 
100 cc. is evaporated to dryness, extracted with absolute alcohol, 

' the alcoholic extract again evaporated and the residue dissolved 
^:m a few drops of water. The solution is made slightly alkaline 
with carbonate of soda and a bead of borax dipped into it. 
This is then brought into the flame, to which a green colour 
is imparted if any glycerol be present. If ammonium salts are 
present the ammonia must be first removed by heating the 
solution with sodium carbonate.* 

* Puls, Joum. PraJeU Ohm, [2], xv. 83. 

** Schottlander, Ann, Ohm, Pharm* civ. 230. 

^ Senier and Low, Jmm* Ohm, Soc, 1878, i. 438. 
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OXIDES AND ETHERS OF PROPENYL. 

700 Olycide Alcohol, CgH^O^. This monad alcohol, generally 
known as glycide, is formed hy decomposition of its acetate ^ as 
^ell as by the action of baryta on propenyl chlorhydrin : * 

CHgCl CHgv 

I I >0 

CH.OH = CH^ + HOI. 

I I 

CH2.OH CH2.OH 

The latter mode of formation corresponds to that of propylene 
oxide from its chlorhydrin. 

Glycide alcohol is a liquid boiling at 161® — 163®, and having 
a specific gravity at 0® of 1*165. It is soluble in water and 
combines with it to form glycerol. 

Polyglycerols are formed by the action of glycid alcohol or 
propenyl chlorhydrin on glycerol. They are viscous liquids, of 
which the following two have been obtained in a tolerably 
pure state : ^ 

B.P. undor 
10 mm. pressure. 

Diglycerol, 220'-230“ 

^CsH.(OH), 

.C3H,(0H), 

0 \ 

TrigIycerol,^^C 3 H 5 (OH) 275*-285’ 

\C3H3(0H)3 

Propenyl Oxide, This compound, which is commonly 

known as glycerine ether, was first observed by Berthelot and de 
Luca, but not further examined by them.* It is also formed when 
glycerol is distilled with calcium chloride,® and occurs as a by- 
product in the preparation of allyl alcohol from glycerol and 

^ Gegerfeldt, BuU, Soc. Chim, xxiii. 160 ; Breslaucr, Journ. Prdkt. Chem. [2]xx. 

® Hanriot, Ann, Chim, Phys. [C], xvii. 112. 

^ Ijourengo, Ann, Chim, Phys, [3], Ixvii. 209. 

^ Ann, Chim, Phya, [3], xliii. 279. 

* Linnemann and ▼. Zotia, Ann, C7im. Pharm. Suppl. viii. 254 ; v. ZottSy 
Ann, Ch^m, Pharm. clxxiv. 90. 
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oxalic acid.^ It is likewise obtained, together with other products, 
when glycerol is distilled with two per cent, of sal-ammoniac.^ 
It is a liquid boiling at 171® — 172®, and having a specific gravity 
of 1*16 at l6®. It is soluble in water, and combines with it at 
100® to form glycerol. If it be saturated at 0® with hydriodic 
acid it decomposes, in an analogous way to the other ethers, 
into glycerol and propenyl tri-iodide, which latter substance, 
however, decomposes into iodine and allyl iodide, C3H5I.* Hence 
it possesses the following constitution : 

CH3-O- 

in— 0— 

Ahs— o— diig 

It is remarkable that in its preparation by means of calcium 
chloride a small quantity of phenol, C^HgO, a body belonging 
to the aromatic series, is formed, together with other products. 

Mhyl Propenyl Ether, or Olycerol Monethylin, C3H5(0H)20C2H^, 
is formed by the action of sodium ethylate on propenyl chlor- 
hydrin, and is a body boiling at 225® — 230®, soluble in water, and 
separating out again on the addition of carbonate of potash.* 

Diethyl Propenyl Ether or Olycerol Diethylin, C8H5(OH)- 
(OC2Hg)2, is obtained by heating glycerol with ethyl bromide 
and caustic potash,® as well as by the action of sodium ethylate on 
propenyl dichlorliydrin.® It is an oily liquid, scarcely soluble in 
water, having a faint ethereal peppermint-like odour. It boils 
at 191® and has a specific gravity of 0'92. 

Triethyl Propenyl Ether, or Olycerol Triethylin, C3Hg(OC2H5)3. 
When the foregoing compound is treated with phosphorus 
pentachloride, chlordiethylin, CgHgCl(OC2H5)2, is formed. This 
is a body boiling at 184®, and possessing a sweet smell; when 
heated with sodium ethylate to 120® it is converted into 
triethylin. This latter is also formed when diethylin is treated 
with sodium and ethyl iodide. It is a pleasantly ethereal smelling 
liquid, boiling at 185®.^ 

^ Gegerfeldt, Bet, Devisch^ Chem, Ges. iv. 919 ; Tollens, ib. v. 68. 

® Tolleus and Loe, ih, xiv. 1946. 

® Silva, GowpU JieTid. xciii. 418. 

* Reboul, Ann, Chim, Phys, [3], lx. 68. 

® Berthelot, Ann, Chim. Phya, [8], xli. 306. 

- ® liebonl, loe, eU, ^ ' 

^ ’ Kaboul and Lonren^o, Compt. Bend, lii. 466. . 


CHj 


A 


H 




ETHBKEAL SAWS OF PBOgENt^ ; 



Ethidene . 

is obtained when aldehyde is heated with glycerol for thirty 
hours to 170®— 180^ It is a liquid which boils at 184®— 188®, 
is slightly soluble in water, but is easily decomposed by this 
liquid.^ 


Etiiereal Salts op Propenyl. 

701 a-Propenyl Ghlorhydrin, CH2C1.CH(0H).CH20H, was 
obtained by Berthelot, by heating glycerol with hydrochloric 
acid, and termed chlorhydrin,^ In order to prepare it, glycerol 
is saturated with hydrochloric acid and heated for 100 hours in 
a water-bath. The product is then distilled in a vacuum in a 
water-bath, until hydrochloric acid ceases to come over, and 
then fractionated over the naked flame.® a-Chlorhydrin is 
an oily liquid having a speciflc gravity at 0® of 1*338. It 
is soluble in water, and boils, with partial decomposition, at 
213®. Under a diminished pressure of 18 mm., it boils at 
139®, and distils without decomposition. By the action of 
sodium amalgam on its aqueous solution it is converted into 
propylene glycol.^ 

fi-Propenyl Ghlorhydrin, CH2(OH).CHGl.CH2(OH), is formed 
in smaller quantity together with the foregoing compound, from 
which it may be separated by fractional distillation in a vacuum, 
as under a pressure of 18 mm., it boils at 146®. At 0® it has 
a specific gravity of 1*328 (Hanriot). The same compound is 
also obtained by the union of allyl alcohol with hypochlorous 
acid. It is a syrupy liquid, having a slight smell and a sweet 
taste, and boiling under ordinary pressure at 230 — 235® ® 

a-Propenyl Dichlorhydrin, CH2C1.CH(0H).CH201, was first 
obtained by Berthelot, by heating glycerol with an excess of 
fuming hydrochloric acid in the water-bath, and termed by him 
diMorhydrin,^ According to Beboul, a mixture of equal volumes 
of glaci^ acetic acid and glycerol is saturated with hydrochloric 
acid gas at 100®, and the product fractionally distilled.^ It is 
also formed when chloride of sulphur is gradually added to 

^ Haroitzky and Menschntkin, Ann, Chem. Pharm, czzxvi. 126. 

> Ann, Chim, Phya, [8], xli. 296. 

’ Hanriot, Ann, Vhim. Phpa, [5], zvii 62. 

* Louienra, id, [3], Izvii. 820 ; Buff, Ann, OUem, Pharm, Siippl. v. 247. 

^ Henry, Jcum. rraki, Chem, [2], z. 186. * Loe, eiL 296. 

^ Ann, Chim, Phyat [3], Iz. 1 ; Watt, Ber. Tkutaeh, Chem, Cea, v. 2.^7. ♦ 
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glycerol, and the whole gently heated.^ It is an ethereal 
smelling liquid, boiling at 175® — 176®, and having a. specific 
gravity at 16® of 1*396. It is somewhat soluble in water, and 
is converted by means of sodium amalgam into secondary propyl 
alcohol (Lourengo, Buff). When oxidized with chromic acid 
solution, it yields symmetrical dichloracetone (Part I., p, 671).® 

fi-Propmyl Dichlorhydrin, CHgCLCHCLCHgOH. According 
to several observers, this compound is formed together with the 
foregoing, when hydrochloric acid acts upon glycerol.® This 
fact is, however, denied by others.^ It may be obtained in 
the pure state by the union of allyl alcohol with chlorine,® or 
by the action of hypochlorous acid on allyl chloride.® It is a 
thick, faintly ethereal smelling liquid, boiling at 182®, and having 
a specific gravity at 0 ® of 1*3799. Nitric acid oxidizes it to 
j 8 -dichlorpropionic acid. 

EpiMcn^hydrin, C 3 H 5 CIO, is found amongst the products of 
the action of phosphorus pentachloride on glycerol (Berthelot). 
It is also formed .by the decomposition of a-propenyl 
chlorhydrin,^ as well as of the ^-compound by caustic 
potash : ® 

(D 


( 2 ) 


According to Beboul, the best method of preparing it, is to 
use the product boiling between 160® and 220 ®, obtained by 
the action of hydrochloric acid on a mixture of glacial acetic 
acid and glycerol, which, in addition to the dichlorhydrinf 

^ CariuB, Ann, Chem, Phtmn, cxxiv. 222 ; Claus, ih. clzviii. 42. 

^ Hoermann, Set, Ikfu^ack, Chem,, Qea, xiiL 1707, and Markownikow, Ann, 
Chem, Phaarm, ocviii. 849. 

* Munder and Tollens, Ber, Dewtsch, Chem, Oea, 1S71, 681 ; Hiibner and 
Milller, Ann, Chem, Pharm, clix. 168. 

^ Maikownikow, Ann, Chem, Pharm, ccviii. 349 ; Ber, Deuteeh, Chem. Oee, 
vi. 1210 ; Paschke, Jmim, Prakt, Chem, [2], 1. 82 ; YTatt, toe. eit. 

* Mttnder and Tollens, toe. cit. 

* O^fferfeldt, Ber, JDeuteeh. Chem. Oee, vi. 720. 

Reboul, loe, eit, ^ Miindcrtind Tofleiis, toe, eU, 
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Gontains the acetate of propenyL 500 cc. of this are dropped 
gradually into a concentrated solution of 350 grams of caustic 
potash, care being taken to keep the whole cool. Or the crude 
chlorhydrin may be added to roughly pounded caustic soda, 
but the temperature must not rise above 130®.^ The yield is 
not more than half the theoretical one, as a large portion of 
the dichlorhydrin is converted into glycerol.* 

Epichlorhydrin is an oily liquid insoluble in water, possessing 
an ethereal smell, somewhat resembling that of chloroform. It has 
a sweet burning taste, boils at 116®*6, and has a specific gravity at 
0® of 1*203 (Thorpe). When shaken up with fuming hydrochloric 
acid, it combines with it to form o-propenyl dichlorhydrin, 
which may be obtained in this way in the pure state very 
readily. It unites still more easily with hydrobromic acid, 
and its combination with hydriodic acid takes place with yet 
greater avidity. If this gas be passed over epichlorhydrin 
cooled to 0®, normal propyl chloride and some propyl iodide 
are formed.* It unites also with water at 100® to form the 
monochlorhydrin, and with alcohol to form its ethyl ether, &c. 
In its chemical relation it therefore closely resembles ethylene 
oxide. 

When heated with potassium acetate, it forms the above 
named glycide acetate, CgH^Og. CgHgOg, a liquid boiling at 
168® — 169®. Potassium cyanide converts the chloride into 
ejpicyanhydrin, C3H5O.CN, a body crystallizing in tablets or prisms, 
melting at 163®, and yielding when boiled with baryta water 
or hydrochloric acid, epihydrin carboxylic acid, CgHgO.COgH; 
a body crystallizing in glistening needles, melting at 225°.^ This 
body is isomeric with aceto-acetic acid, and is reduced to butyric 
acid by means of hydriodic acid : 

CH 2 .CH.CH 2 .CO 2 H + 4HI = CH 8 .CH 2 .CH 2 .CO 2 H + 2 I 2 + HgO. 

70a Propenyl TricMoride, or Trichlorhydrin, CgHgClg, is ob- 
tained by the action of phosphorus pentachloride on propenyl 
dichlorhydrin,® or epichlorhydrin.® It is also formed by the 

' Prevost, Joum, Prakt, Chem, [2], xii. 160. 

^ ClauB, Ber. Dmtsch, Chem. Oea, x. 556. 

* Silya, Campt. Bend, xciii. 418. 

' * Faschke, Journ. Prakt. Chem. [2], i. 97 ; Hnrtcnstein, t5. rii. 295. 

^ Berthelot and do Luca, Ann. Chim. Phya. [31, lii. 437. 

* Keboul, ih, lx. 37. • 
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actioA of chlorine on propylene chloride,^ secondary propyl 
chloride,^ and propane, ^ when other substitution-products aro 
also of course formed. 

In order to prepare it, a mixture of glycerol and glacial acetic 
acid is saturated with hydrochloric acid, and the whole slowly 
distilled until the boiling point reaches 130®; the residue is then 
washed with water and carbonate of soda solution, dried over 
calcium chloride, and the liquid then allowed slowly to flow into 
phosphorus cliloride.^ 

Propenyl trichloride is a liquid boiling at 158®, and having a 
smell resembling that of chloral. At 0® it has a specific gravity 
of 1*41. 'When heated with twenty times its volume of water 
it is converted into glycerol. 

a-Dichlorglycide, or a-Epidichlorhydrin, CgH^Clg, was obtained 
by Berthelot and de Luca, as a by-product in the preparation 
of trichlorhydrin.® Reboul then obtained it by the action of 
caustic potash on the latter body, and described it as an ethereal 
alliaceous smelling body boiling at 101® — 102°.® More recent 
observations have shown that two isomeric bodies are produced 
in this reaction : ^ 

a-Epidichlorhydrin. jS-Epidichlorh^^dnn. 

CHg =: CCLCHgCl. CHOI = CH.CH 2 CI. 

Of these the a-compound is obtained in the larger quantity. 
It boils at 94®, and has a specific gravity at 0® of 1*236. It 
combines with fuming hydrochloric acid at 100® to form 
cldat'dimdhylmethylcTie chloride, CH 3 ,CCl 2 .CH 2 Cl, a body also 
obtained by the action of chlorine on dimethylmethylene chloride 
(p. 131), and boiling at 123®.® 

It also unites with chlorine to ioTmadeir(ichlorglycide,G^fj\, 
a body boiling at 164°, and having an ethereal smell and a sweet, 
burning taste.® 

fi-Dichlorglycide, or fi-Epidichlorhydrin, is formed in larger 
quantity by the action of phosphorus oxychloride or phosphorus 
pentachloride on dichlorhydrin : 

CH2C1.CH(0H).CH2C1 = CHCl — CH.CH 2 CI + HgO. 

^ CahouTs, ConvpU Bffnd, xxxi. 292 ; Bielohouliek, Ber. Deviseh. Chenu Gea, ix. 
924. 

* Linnemann, Ann, Chem, Pharm, cxxxvi. 48 ; cxxxix. 19 ; Friedel and Silva, 

C<md, Rmd, Ixxiv. 806. * Schorlemmer, Proe, Iloy, Soe, xvii. 872. 

* Fittigand Pfeffer, Ann, Chem. Pharm, cxxxv. 359. 

* Ann, Chim, Phya, [3], Hi. 438. ® 76. lx. 87. 

^ Friedel and Silva, BulL Soe, Chim, [2], xvii. 386. 

® Friedel and Silva, ib. 

Fittig and Pfeffer, Ann. Chem., PMrm. cxxxv 357. „ 

Hartenstein, Joum. Prakt, Chem, [2], vii, 310. 
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It is a mobile liquid having a sweet, somewhat burning taste, 
and pleasant smell ; it boils at 109^ and at 0** its specific gravity 
is 1*250. It does not form any compound with hydrochloric 
acid, but combines with chlorine to form P-tetradiloTglyeide, 
O3H4CI4, a body boiling at 171®. 

Propcnyl Mondbromhydrin, C3H5Br(OH)2, is obtained, together 
with other products, by the action of phosphorus pentabromide 
on glycerol. It is a thick oily aromatic tasting liquid, which 
boils under a pressure of 10 mm. at 180® (Bertbelot and do 
Luca). 

a-Propenyl Dibromhydrin, CH2Br.CH(OH).CH2Br, is formed 
together with the foregoing compound,, and is an ethereal 
smelling liquid boiling at 219®. 

p-Propenyl Bibrmnhydrin, or Dih^ompropyl Alcohol, CHgBr. 
CHBr.CHgCOH), is formed by the combination of allyl alcohol 
with bromine, and is a liquid boiling at 212® — 214®.^ 

703 Propcnyl Tribroniide, or Tribromhydrin, C3H5Br3, is formed 
together with the mono- and dibromhydrins by the action of 
phosphorus bromide on glycerine (Berthelot and dc Luca). It is 
best prepared by treating allyl iodide with bromine.^ It is a faintly 
ethereal smelling, thick liquid, which has a specific gravity at 10° 
of 2'407, and boils at 219® — 220®, and on cooling crystallizes in 
long glistening prisms melting at 16® — 17®.® When heated with 
solid caustic potash fi-epidibromhydrin, CHBrZiCH.CHgBr., is 
produced. This is an oily alliaceous smelling liquid, which boils 
at 151®— 152®, and combines with bromine to form tetrabrom- 
glycide, C3H4Br4, a compound boiling at 250® — 252®, with 
decomposition.^ 

a-Propcnyl Di-iodhydrin, CH2T.CH,(OH).CH2T, is formed 
by heating dichlorhydrin with a concentrated solution .of 
potassium iodide. It is a Ihick oily liquid which crystallizes 
in a freezing mixture, and decomposes when heated.® 

fi-Propenyl Di-iodhydnn, CH2l.CHLCH2.(OH), is formed 
by acting with allyl alcohol on iodine, which are brought together 
in solution in chloroform. The compound crystallizes in needles 
which when exposed to light acquire a brown colour.® 

* Eekul^, Ann, Ckem. Pharm. Suppl. i. 138 ; Markownikow, Zeitsch. Chnm. 
1864, 68 ; Tollens and Milnder, Ann. Cliem. Pharm. clxvii. 224 ; Michael and 
I^orton, Amtr. Chem, Joum, ii. 18. 

* Wurtz, Ann. Chim. Phya. [3], li. 91. 

* Henry, Ber, DeutacJi. Chem, Qea. iii 298. 

^ Reboul, Ann. Chim. Phya. [3], lx. 42. 

* Claus, Ann. Chem* Pharm, clxviii. 24. 

^ Hubner aud Lellmaii, Ber, DcuUeh. Chem. Ocs. xiii. 460. 
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. Propenyl Mcmthiodliydrin is obtained, according to Eeboul, by 
beating the cblorhydrin with potassium iodide. It is an oil 
which has not been further investigated. 

Propenyl tri-iodide is not known. 

By the action of hydriodic acid or iodide of phosphorus on an 
excess of glycerol, allyl iodide,>C3H5l, is formed, together with 
propylene. If, on the other hand, the two first compounds are 
present in excess, propylene and isopropyl iodide are formed. 
In this it is possible that the following reaction takes place. 
At first propenyl tri-iodide is formed, and this decomposed into 
iodine and allyl iodide. This latter is then reduced by the^ 
hydriodic acid to propylene, and this combines with hydijodig 
acid to form isopropyl iodide.^ According to Henry,. joihe -aUyr 
alcohol is also formed, and from this it must be as^q^d {hat 
di-iodhydrin is first formed, and that this splits up ii^tp 
and allyl alcohol, which latter is then changed into the iodidpl^ 
Sulphates of Propenyl, Only the acid ethereal salts, are knov^.. 
Felouze obtained one of these, which he termed glycerine svtjfIjik'M 
add, by dissolving one part of glycerol Jn two 

parts of sulphuric acid. He then neutralized with Ili|ji[e, and 
obtained the easily soluble calcium salt, crystallising^ in r 4 <Bedles, 
and by decomposing this with oxalic acid he obfained the free 
acid in solution, which possesses an acid taste, but is very un- 
stable, decomposing by moderate concentration in vacuum 
even below O'* into glycerol and sulphuric acid. It^:|^ts aw 
also very unstable.® f . • / 

Add Propenyl Trimlphate, C8H5(S04H)g, is formed J 6 y the 
action of chlorsulphonic acid on glycerol, and is a SQ^-white, 
very hygroscopic, crystalline mass. Its acid solutiol® is easily 
converted into add propenyl disulphate, C3H3(0B9(S04H)8. 
Both acids form amorphous salts.^ 

Propenyl MononUrate, C3H3(0H),N03, is obtained the 
action of dilute nitric acid on glycerol. It is a liquid . 

soluble in water, and very difficultly soluble in ether, which^^^ 
not explode on percussion.® 

704 Propenyl TrinitrcUe or Trinitrin, C3H5(N03)3. This com- 
pound, which is commonly known under the name oinitro-glyc&rine, 
was discovered by Soteero, who obtained it by dissolving glycerd 

^ Erlenmeyer, Ann, Chcm Pharm, cxxxix. 211. 

- Ber, DeiUaeh, Chem, Qea. xiv. 403. 

* Ann, Chim, Phya. Ixiii. 21. 

* Clacsson, Joum, PraM, Chan. [2], xx.*^ 4. 

® Hanriot, Ann. Chim, Phya, [.^J, xvii. 118. 
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in a mixture of nitric and sulphuric acids. Amongst its properties 
he noticed that a small quantity, when brought under the tongue, 
produces a violent headache.^ The vapour produces the same 
effect, though it has been noticed that this ceases after a time 
in the case of workmen who are exposed to its influence. Nitro- 
glycerine was for some time employed in America, and known 
as glonoin-oil. The composition of this substance was first 
ascertained by Williamson, who noticed that on boiling with 
caustic potash it is converted into nitric acid and glycerine.^ 
Its properties were more fully examined by do Vrij* and 
E. Eopp,^ and its use as an explosive was suggested in 1867 
' by No^el.® 

— Many receipts are given for preparing this 
According to Nobel it is best made by allowing one 
to flow in a thin stream into a well-cooled 
6 { four parts of sulphuric acid and one part of pure 
concentrated nitric acid, the mixture being contained in a 
wo^eh vessel lined with lead, from which the product is allowed 
te flow i^to a large tank placed at a lower elevation, holding 
severajf tons of water.® Or the mixture of acid and glycerine 
mjay aHowfid to stand quietly, when the nitro-glycerine 
collects at the bottom as a heavy layer.^ 

In Ihrge dynamite works as much as 1,500 pounds of nitro- 
glycerin€f;is made in one operation. Should the chemist be 
unable jl^ control the action, which, unless care be taken, is apt 
to become, Violent, he runs the charge into water, and thus stops 
the l^^tipn by dilution. During the process of mixing the 
acid aii^^lycerine, the chaige has to be constantly mixed by 
stirring, ig^d this is so effected by machine power as to be under 
the coD^^^ the operator, so that neither speed nor quantity 
can b^^epDDceded. The nitro-glycerine next requires to be well 
wasfi$4*^ith water to free it from acid, and this is effected by 
air through the mixture contained in the washing-tanks. 
.d^St care and special precautions are necessary in this manu- 
facture, for until the nitro-glycerine has been absorbed by the 
Kieselguhr used for the preparation of dynamite (see p. 361), 
it is a most dangerous substance, exploding with frightfurforce 

' Compt. Hcnd. xxiv. 247. ® Proc, Boy, Soc, rii. 130. 

• Chem. CentraZb. 1865, 570. ^ Compt, Bend, Ixiii. 189. 

• Dingler's Tolyt, Jtpirn, clxxxiii. 221. • Ib. ccxxi. 274. 

^ Ber, Deutsch, Chem, Gea, ix. 1800 ; Warner, Jahresb, 1879, 406 ; 1880, 876 ; 
t see also OovemvmU Beport on Bxploaivea, 1874. 
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on even slight percussion. In the form of dynamite it is however 
much less liable to accidental explosion. 

Nitroglycerine is a light-yellow, heavy, oily liquid, having a 
specific gravity of 1*6 at 15®. It has a sweet, burning taste, and is 
insoluble in water, but dissolves in alcohol, and still more readily 
in ether. It crystallizes at - 20® in long needles (Champion). It is 
poisonous, but the lethal dose is a considerable one. About ten 
drops produce poisonous symptoms in the human subject, though 
they do not act fatally.^ 

It is not easily inflammable, and, when ignited, bums without 
explosion. ^ When poured on to a tolerably hot surface it 
evaporates, but when dropped on to one more strongly heated, 
a violent explosion takes place. A temperature of 257® produces 
the most violent effect, the explosion becoming less at higher 
temperatures, and when dropped on to a red-hot plate the mass 
becomes spheroidal, and burns without explosion.^ 

The explosive effect of nitro-glycerine on percussion is however 
far more violent than that produced when it is simply heated 
(Abel).® The statement that it is more readily explosive under 
percussion in the solid than in the liquid state appears from 
Beckerhinn’s experiments not to be connect, ^ and the frightful 
accidents which have occurred from the explosions of the solid 
mass appear to have been simply brought about by carelessness. 
The change which takes place during the explosion is represented 
by the following equation : ® 

2C3H,(N03)3 - 6CO2 + 5H2O + 3N3 + O. 

Nitro-glycerine, when pure, can be preserved without decom- 
position, but if it is not washed completely from acids it 
gradually decomposes with formation of oxalic acid, glyceric 
acid, and other products.^ Caustic alkalis cause the re-formation 
of glycerine. This is also formed, together with nitric oxide, by 
the action of concentrated hydriodic acid upon nitro-glycerine.^ 

705 Nitro-glycerine was first known in the pure state under 
the name of Nobel's explosive oil, used largely for mining and other 
operations. Owing to the many accidental explosions which 

1 Scliuchhard, Jahresb, 1866, 525. 

2 Kopp, Dingl. Polyt Joum. clxxxii. 237; Champion, Bull. Soe. Chim. [2], 
^ xyi. 869 ; see also Gorup-Besanez, Ann, Chem. Bharm. clvii. 289. 

’ Phil. Trans. 1869 ; Chem. Soe, Joum. xxiii. 41. 

« Jahresb. 1876, 1106. 

^ Berthelot, Force de la Poudre, Ac. 160. , 

” Miillerand AVarren do la Rue, Ann. Cltcm. Pharm. eix* 122. 

7 , Mills, Joum. Prakt. Chem. xciv. 468. 
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occurred in its use and during its transit, the carriage of this 
material was forbidden in many places, and therefore Eopp 
suggested that it should be manufactured on the spot where 
it was to be used, and Nobel introduced a product termed 
methylaied explosive oily consisting of a solution of nitro-glycerine 
in wood-spirit, which will not explode on percussion. On addition 
of water or by evaporating off the wood-spirit, the nitro-glycerine 
can again be obtained. This being a liquid is inapplicable for 
many purposes, and Nobel succeeded in preparing a much more 
useful material, which can be forwarded from place to place 
without danger, though still possessing the explosive power 
of the original nitro-glycerine. This substance is* known in 
commerce as dynamite. Dynamite consists of a mixture of three 
parts of nitro-glycerine and one part of Kieselguhr (Vol. I., p. 566), 
this latter being a finely-divided, infusorial, silicious earth, 
which has a high absorptive power, and is capable of taking up 
the nitro-glycerine without becoming pasty.* The Kieselguhr 
is first heated in order to destroy organic matter, and on cooling 
the nitro-glycerine is added, the mixture being made in leaden 
vessels with wooden beaters. Cartridges made of parchment 
paper are filled with this material, and the cartridge is fitted in 
the ordinary way with a detonating fuse. Dynamite is far safer 
than the pure nitro-glycerine, as from its softness it yields to an 
accidental blow, and is therefore not so liable to explode as 
nitro-glycerine itself. 

From recent experiments it appears that the energy developed 
by the explosion of one ton of nitro-glycerine is equal to 64,452 
foot-tons, that of dynamite being equal to 45,675 foot-tons. 
According to .the above reaction the theoretical initial pressure 
exerted by nitro-glycerine on exploding is from six to seven 
times that of gunpowder. 

In order to exhibit the non-explosive character of dynamite 
under ordinary percussion, the following experiments have been 
made. A barrel containing 540 kilos, of dynamite was allowed 
to fall from a height of twenty feet on to a paved road without 
explosion occurring. A weight of ten kilos, was allowed to fall 
from twenty feet on to a dynamite cartridge, when it was simply 
flattened. In another experiment seven and a half kilos, of 
dynamite contained in a cask was ignited by means of a burning 
cigar. The dynamite burnt with a bright flame, but the barrel 
was not blown to pieces or even burnt. In the same way a tin 
^ IHiigL PolyU Joum, cxc. 124. 
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box containing dynamite was thrown into a common fire without 
any evil effect 'teing produced, the dynamite simply burning.' 
If, however, dynamite be exploded by means of a percussion 
fuse containing fulminating mercury, it produces powerful 
explosive effects, even when placed on an open surface ; balks 
of timber, iron cylinders, and masses of granite, can in this way 
bo broken. 

A number of other nitro-glycerine preparations have been 
suggested. These are known under the names of Lithofiracteur, 
Dualin, Blasting Gelatine, &c. They produce the same effects as 
nitro-glycerine, and are obtained by the addition of this body to 
nitrated sawdust, gunpowder, nitrates, guncotton, and other 
materials. 

According to the statements of Nobel the production of 
dynamite increased from eleven tons in 1867 to 3,120 tons in 
1874.® At the present moment it is even larger, as appears from 
the fact that in 1880 the total European production of glycerine 
amounted to about 9,000 tons.® 

706 ]!ionocM(yrdinitrin^ C3H5C1(N03)2. This is obtained by the 
action of monochlorhydrin on a mixture of concentrated nitric 
and sulphuric acids, or by allowing concentrated nitric acid to 
drop into epichlorhydrin well cooled with ice : 


CH.Cl 

1 * 

CH,C1 

1 * 

t:>* 

NOjOH = CH.O.NOj 

(]Hg.OH 

CHjCl 

CHjCl 


(2) in-O-NOj + NO,.OH + CH.O.NOj + H^O 
iHjOH CH,.O.NO, 

It is an oily, easily-inflammable, but not explosive material. 

a-DicklormcmmUrin, CH2C1.CH(N03)CH2C1, is obtained by 
the action of a mixture of sulphuric and nitric acids on the 
corresponding dichlorhydrin. It is a compound similar to the 

^ Bar, J>etU8eh, Chem. Gas, ix. 1802. 

*** MonU, Sciantif, [3], vi. 248 ; see also Engels, Wagner*s fahreab, 1880, 378. 

* Wagner* a Jahresberichi, 1880, 447. 
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foregoing, and boils with decomposition at a temperature of 
180—190".! 

fi.-DicM(yrnitrin, CH2C1.CHC1.CH!2(N08), is an oily liquid 
which has a peculiar aromatic smell, sweet taste, and boils at 180".^ 

The Pho^hcUes of Propenyl. Of these only the dibasic glycerol 
j^hosphoric acid, 03H5(0H)2P04H2, is known. G?his was ob- 
tained by Pelouze by the action of phosphorus pentoxide or. 
metaphosphoric acid on glycerol* Gobley then observed that 
this acid occurs in a peculiar compound contained in the yolk 
of egg and in the brain,^ and since that time it has been found 
that this latter compound is not only contained in^ the animal 
but is also widely distributed in the vegetable kingdom (see 
Lecithin, p. 370). Glycerol phosphoric acid is also found in small 
quantity in normal human urine,® and, together with a large 
quantity of lactic acid, in muscular fibre.® The free acid which 
is obtained by decomposing the casily-soluble baiium salt with 
sulphuric acid is only known in dilute solution, as it decomposes 
on concentration. 

The calcium salt, C3H5(0H)2P04Ca, is a very characteristic 
one. It is easily soluble in cold water, and separates, on warming 
the solution, in snow-white, pearly, glistening tablets or scales, 
which dissolve again on cooling. 

Propenyl ArsenUc,Q^^AAO^, Glycerol dissolves large quantities 
of arsenic trioxide. Such a solution has been used by calico- 
printers for fixing aniline colours, and this contains the above- 
mentioned compound, which may be obtained in the pure state 
by heating nineteen parts of glycerol with twenty parts of 
arsenic trioxide until no further quantity of water is evolved, 
and then, on cooling, withdrawing the excess of glycerol by 
means of acetone. In this way an amber-yellow, fat-like mass 
is left, which melts at 50", forming a thick liquid. It dissolves 
in glycerol as well as in water, but is decomposed by this latter 
liquid.^ 

' Heniy, Ber, DmtscK Chem, Oea. iii. 347. * Ib. iv. 701. 

® C<m^. Bend. xxi. 718. ^ Ncu, Jahrh, Pharm. ix. 161 ; xi. 405 ; xii. 5, 

* Sotnitschewsky, Hoppe-Seyler'a ZeitaeJ^. iy. 214. 

« Diakonow, Chem. CentralblaU, 1867, 816. 

^ Schiff, Bull, Soe. Chim. [2], viii. 99. 
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THE FATS OR GLYCERIDES (PROPENYL 
ETHEREAL SALTS OF THE FATTY ACIDS). 

707 The existence of animal fats naturally attracted the atten- 
tion of even uncivilized man, and the ancients were, of course, 
well acquainted with their peculiar properties. Still we know 
nothing about the origin of this knowledge or when the fats 
were first used in the arts. More remarkable is the acquain- 
tance made by man in very early times with the vegetable 
fats and oils, as is shown by the mention of the fact in the oldest 
books of the Old Testament. The Greeks and Romans in the 
early centuries after Christ were well acquainted with olive oil, 
as well as with almond oil, walnut oil, castor oil, &c. These 
were obtained by pressing or by boiling the fruit or seeds with 
water. Herodotus and Hippocrates described, in the fifth 
century B.C., the butter (fiovrvpov) which the Scythians obtained 
from marc*s milk by violent agitation, and Dioscorides also relates 
that the best butter is obtained from the fattiest milk, as 
sheep’s milk, but that it can also be got from* goat’s milk. 

So, too, the saponification of animal fats was known in early 
times (see Part I., p. 688). It was, however, long believed that in 
this process the whole of the fat combined with the alkali, and 
the conclusion drawn from this, as well as from the fact that 
metals are attacked by fat, was that these latter substances 
contain an acid. 

In the first half of the last century it was, however, noticed 
that the fat separated out from a soap by means of an 
acid possessed different properties from that which was em- 
ployed in making the soap, but the proper explanation of this 
was not given until after Scheele’s discovery of the sweet 
principle of oil. This was however accomplished by the cele- 
brated investigations of Chevreul, sur les corps gras,” begun 
in the year 1811 , in which he proved that the fats are in fact 
ethereal salts. 

It has already been stated that most of the natural fats are 
normal propenyl ethers of the fatty acids, or of the acids of the 
series, CgHgn^Og. For these bodies Gerhardt introduced the 
name glycerides. Lastly, Berthelot showed that not only these 
ethers, but also those which contain only one. or two acid radicals, 
can be artificially prepared.^ 

^ Jnn. Chim, Phys, [3], xli. 216. 
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Monofomiin^ C3H5(0H)2CH02, is obtained by heating glycerol 
and oxalic acid to 190^ the product being exhausted with ether. 
It is an oily liquid which is soluble in water, and on heating with 
this liquid decomposes into formic acid and glycerol. When 
heated under ordinary pressure it decomposes into allyl alcohol, 
carbon dioxide, and water, but under a diminished pressure 
of 10 mm. it may be distilled without decomposition at a 
temperature of 165®.^ 

Lifcrmin, C3H5(0H)(CH02)2* When the residue obtained in 
the preparation of formic acid, according to Lorin’s method 
(Part I., p. 270), is heated to 140® and then shaken up with ether, 
deformin is obtained in solution. This substance i§ a colourless 
liquid boiling under a diminished pressure of 20 — 30 mm. at 
163® — 166®. Heated under the ordinary pressure decomposition 
begins about 160®; allyl formate is formed, together with allyl 
alcohol, formic acid, carbon dioxide, and a small quantity of 
carbon monoxide. It is easily decomposed by water with 
formation of formic acid and glycerol, and when heated with 
anhydrous oxalic acid it readily yields formic acid and carbon 
dioxide. Its formation is probably one of the preliminary 
processes in the preparation of formic acid from oxalic acid. ® 

Monacetin, C3H5(0H)2C2H302, is formed in small quantity when 
glycerol is allowed to stand for some months in contact with 
glacial acetic acid, and in large quantity when the mixture is 
heated to 100® for 114 hours. The product is treated with 
carbonate of potash and a small quantity of caustic potash and 
then extracted with ether. On evaporation of the ethereal 
solution the compound remains behind as a weak, ethereal- 
smelling liquid, having a specific gravity of 1’20. 

Diacetin, C3H3(0H)(C2H302)2> is formed by heating glacial 
acetic acid and glycerol to 200® — 275®, and is purified in the same 
way as monacetin. It is a liquid possessing a biting taste. It 
boils at 280® and at 13® has a specific gravity of 1-188. Like the 
foregoing compound it dissolves in a small quantity of water, and 
on addition of a larger quantity it becomes turbid. 

Triacetin, appears to exist in small quantity in 

certain fats® in cod-liver oil,^ and the oil of the spindle-tree 
{Eumymus europce\i$),^ These oils yield on saponification a small 

^ TollenB and Henninger, ZcUsch. Chem. 1869, 88. 

^ Van Romburgh, Compt. Bend, xciii. 847. 

* Ghevreui, loc, cU. 

* de Jongh, Ann. Chem. Phann. xlviii. 862. 

” Schweizer, ih. Ixxx. 288. 
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quantity of acetic acid. Berthelot obtained it by acting for some 
hours bn ^iacetin with 15 — ^20 parts of glacial acCtic acid at 250^ 
* and Wkrtz prepared ft by acting with silver acetate on propenyl 
tribromide.^ It may, however, be most simply obtained by 
mixing one part of glycerol with two parts of glacial acetic acid, 
aUowing this to boil gently for forty hours and then distilling. 
The liquid coming over between 257® — 260® is dissolved in water 
and the triacetin extracted with ether.^ It is a liquid tolerably 
soluble in water, possessing a weak, bitter, pungent taste, and 
having at 8® a specific of 1’174, and it boils at 267® — 268®. 

Acetochlorhydrin or ChlcyrmoricLcetin, C3H5C1(0H)C2H302, is 
obtained, together with dichlormonacetin, by the action of acetyl 
chloride on glycerol,® or by heating epichlorhydrin with glacial 
acetic acid to 100®.^ It is a liquid smelling like acetic ether and 
boiling at 250®. 

Acetodithl<yirhydrin, or fi-Dichlordctin, CH2Cl.CHCl.CH2 
(C2H302\ is best obtained by the union of acetyl chloride with 
epichlorhydrin, and is a pleasantly-smelling liquid boiling at 
202® — 203®.® The isomeric a-dichloracetm, CH2C1.CH(C2H302). 
CH2CI, is formed by the action of acetyl chloride on a-dichlor- 
hydrin, and boils at 194® — 195®,® 

DiacetocMorhydrin, or MonoMordiacetin, CH2C1.CH(C2H302). 
CH2(C2H302), is formed by the action of acetyl chloride on 
equal volumes of glacial acetic acid and glycerol (Berthelot and 
de Luca), or by heating epichlorhydrin with glacial acetic acid 
to 180®: 

CHgCl CH2CI 

Ahv + = AH.OC2H3O 

I >0 \c,H,0 I 

CHg/ OHj-OCgHgO 

It is a faintly-smelling liquid boiling at 245®. 

The Imtyriiis and valerim are oily liquids. Tribidyrin, 
occurs in butter, and is a neutral liquid possessing 
s sharp, bitter taste. Trivalerin, is contained in 

dolphin oil, and has a weak but unpleasant smell. 

■ 1 Ann. Chirn. Phys, [3], li. 97. . - 

3 Schiatdt, Liebig's Ann. cc. 97. 

* Berwelot and de Luca, Ann. Chian. Phys. [3], lii. 433. 

* Reboul, Ann. Chim. Phys. [3], lx. 49. 

. ^ '^ehot, Can/tpt. Pend. IxL 1170. . 

* Henry, Per. Deutseh. Chem. Oes. iv. 704. 


,' •■ ■ ■ ■ • r* r 


The. sources of the following normal propenyl ethereal salts 
will be found under the corresponding fatty acids as*" well ^ 
under the fats. .w 

M.P. 

TriUmrin, ' C3Hg(Ci2H2302)3 Needles. 45® 

Trimyristin, C3H5(0i4H2yO2)g Plates. 65® 

708 MonopcUmitin, C3H5(Cj3H3j02)(0H)2, occurs when palmitic 
acid is treated with an excess of glycerol and the mixture heated 
for twenty-four hours to 200®. After removal of the gycerol 
the product, which still contains palmitic acid, is fused and 
mixed with ether and a small quantity of slaked lime and heated 
for an hour to 100®, and the monopalmitin is then extracted by 
ether. This method of purification is used in the preparation 
of other artificial glycerides of the higher fatty acids (Berthelot). 
Monopalmitin crystallizes in needles which melt at 58®. 

Dipodmitin, C3H5(Ci3H3j02)20H, was obtained by Berthelot 
by heating glycerol with an excess of palmitic acid for 114 
hours to 100®. It forms microscopic scales which melt at 69®. 

Tripalmitin^ C3H3(Ci3Hgi02)8, is obtained from palm oil, or, 
better, from Chinese vegetable wax (from Stillingia seUfera) by 
first pressing out and then repeatedly treating it with hot alcohol 
and recrystallizing the residue from ether.^ It is also formed 
when monopalmitin is treated with an excess of palmitic acid, 
and the mixture heated to 260® — 270® for eight hours. It forms 
pearly, glistening crystals, melting at 50®*5, which, on further 
heating, again crystallize and then melt at 66®'5 (Maskelyne). 

MonosteaHn^ C3ll5(Ci8H3502)(0H)2, is prepared by heating 
equal parts of glycerol and stearic acid for about thirty-six 
hours to 200® in a sealed tube. It forms white needles melting 
at 61® and solidifying at 60® (Berthelot). 

Distearin, If one part of monostearin 

be heated with three parts of stearic acid for three hours to 
260®, white microscopic laminae of this compound separate out. 
These melt at 58® and solidify at 65®. 

709 Tristearin, occurs in a greater or less 

degree of purity in many natu^ fats from which it may be 
obtained by repeated crystallization from ether. The stearin 
obtained by Cbevreul by repeated crystallization of mutton suet 
consisted of a mixture of tristearin and tripalmitji;. Lecanu 
found that the melting-point was raised to 62® when it was 

• ' Journ, Prakt. Chtm^ Ixv. 291. 
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reciystallized from a small quantity of ether. Duffy then 
observed that the melting-point rose to 69'’*7 when* la^e 
quantities of ether are employed and the whole recrystallized 
thirty-two times.^ But this product also contaibs, according 
to Heintz, a certain quantity of tripalinitin, and in order to 
obtain tristearin, steaiic acid must be heated with glycerol in an 
atmosphere of carbon dioidde for twenty-four hours to 200*, and 
the product then purified by Berthelot’s process, and then heated 
with a large excess of stearic acid to 270V According to Bouis 
and Pimentel pure tristearin is obtained by recrystallization of 
the fat from the seeds of Brindonia indica? 

Tristearin is artificially prepared by heating monostearin with 
from fifteen to twenty times its weight of stearic acid in a tube 
to 270® for three hours.^ 

Tristearin crystallizes from boiling ether in tasteless, inodorous, 
pearly tablets. Like tripalmitin, it possesses both a variable 
and permanent melting-point, its volume undergoing, under 
these circumstances, remarkable changes, which have been in- 
vestigated by Kopp. The stearin he employed was, however, 
not perfectly pure, and for this reason he found the melting- 
point too low, and this error has been corrected in the following 
remarks. 

When stearin is heated from 0® to 55® it expands from 1*0000 
to 1*0308 volume. It fuses at 55® and contracts to a volume of 
1*0076. On further heating it again expands and solidifies at 
71®*6, which is its true melting-point, when it possesses in the 
solid state a volume of 1*0759, its volume in the liquid state at 
the same temperature being 1*1293. It solidifies again at 70® 
to an indistinctly crystalline mass. When heated 4® — 5® above 
its melting-point it solidifies again- at 65® and then forms a 
wax-like mass. 


FATS AND OILS. 

7x0 Of these we shall here only mention the more important, and 
especially those which, in addition to triolein, contain glycerides 
of the fatty acids. The composition of these fats and oils varies 
considerably. Some consist entirely of tripalmitin and triolein ; 
as, for instemee, olive oil and Chinese vegetable wax, the latter 
being obtained from the fruit of StUlingia aMfem, a tree which 

^ QvAfi, Jitwm. Chem, Soe, v. 197 ' Awn, Cfhfm. PhArm. xcii. 800. 

Ctmpl, zlir, 1888. ^ Berthelot, Ann, Chim, Phys, [3], zlL 218. 
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is now cultivated both in India and America, and from the fat 
of which both candles and soap are prepared. Palm oil also 
contains these two glycerides, and probably also tristeariii 
together with the free acids. It is obtained from the west coast 
of Africa, and is derived from the fruit of certain kinds of palm, 
as Elmis guineensis, forming an important article of commerce, 
being imported in very large quantities into this country and 
used for the manufacture of soap, candles, &c. The nuts' or 
kernels of the fruit yield palm-nut oil which, in addition to the 
three above-named glycerides, also contains caproic, caprylic, 
capric, lauric, and myristic acids. ^ 

Mutton suet consists chiefly of tristenrin with a small quantity 
of olein and palmitin, whilst human fat contains ‘the latter 
with some olein and stearin. Beef suet contains the same 
glycerides and the same quantity of olein as mutton suet, whilst 
the percentage of palmitin and stearin stands in about a mean 
between the latter fat and human fat (Heintz). Lard consists 
of these three glycerides, which are also contained in bassia fat, 
obtained in India from the seeds of various species of Bassia, 
used in India as food, and in Europe for candle- and soap- 
making. 

Shea butter, or, as it was named by Mungo Park, galam butter, 
is said to consist entirely of stearin and olein ; ® this has a very 
pleasant taste, and maybe kept for a considerable lengtli of time 
without becoming rancid. It is prepared from the seeds of Bassia 
parkii, which has become an article of commerce of considerable 
importance in Sierra Leone. 

Coco-nut oil, obtained from the fruit of Cocos nucifera, wliich 
grows in all tropical countries, consists to the largest extent of 
laurin, together with the glycerides of myristic, palmitic, capric, 
caprylic, and caproic acids.*’* The latter five are also contained inr 
butter, together with tributyrin, tristearin, and a small quantity 
of triarachin (Heintz).^ Goose-fat contains the glycerides of 
the same volatile acids together with palmitin, stearin, and 
olein.® 

^ Oudemaus, Jahresh, 1870, 862. 

® 7ft. 1863, 383. 

^ Ftsliliiig, Amu Chenu Pharm, liii. 399 ; Gorgey, ift. Ixvi. 290 ; Oudemans, 
Jahreah. 1860, 322 ; 1863, 311 ; Bizio^ ift. 1664, 340. 

* Lerch, Ann, Chern, Phann, zlix. 212; Hehner, Frea. ZcUaeh, xvi. 145; 
Flelschmann and Vieth, ift. xvii. 287 ; Kcicliert, ift. xviii. 70. 

^ Gottlieb, Ann, Cham, Pharm, Ivii. 43. 

■* II B* 
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THE LECITHINS. 

71 1 Vauquelin was the first to observe that the substance of 
the brain contains a phosphoretted fat.^ Fremy then showed that 
this yields, on decomposition with alkalis, oleic acid, glycerol, 
and phosphoric acid, and to it he gave the name of oleo- 
phosphoi'ic add,^ He and Valenciennes also found a similar 
phosphoretted fat in the flesh of fish,® and Gobley gave to this 
body the name of lecithin (from XktciOo^^ yolk of egg), inasmuch 
as this same compound occurs in this material, and it is also con- 
tained in ox-bile, venous blood, and other substances. He was 
not able to obtain it in the free state, but he showed that it yields 
glycerol-phosphoric acid, margaric acid, and oleic acid as pro- 
ducts of decomposition. Hoppe-Seyler was the first to obtain 
lecithin in the crystalline condition from the yolk of egg and 
from caviare,^ and he showed that this substance occurs widely 
distributed in nature, not only in the animal- but also in the 
vegetable-world, occurring in cells in process of growth. He 
found it, amongst other sources, in yeast and various fungi, in 
many seeds, in all the organs and liquids of the human body, 
with the exception of the urine, gastric fluid, saliva, and 
pancreatic secretion ; in the electrical organs of the torpedo, and 
in large quantities in the blood of the higher forms of Leuco- 
cythsemia.® It has been shown by Diakonow ® and Strecker^ 
that lecithin decomposes on boiling with baryta-water into 
choline, glycero-phosphoric acid, and fatty acids, of which 
palmitic acid, stearic acid, and oleic acid have already been 
found. Hence it would appear that several different lecithins 
exist, of which di-stearyl lecithin has been prepared tolerably 
pure. From the analysis of this body Diakonow gives to 
it the formula C44HP0NPO9, whilst Strecker gave the formula 
C42Hg4NP09 to a lecithin which on decomposition yielded 
palmitic and oleic acids together with a little stearic acid. 

* Ann. Chim. Ixxx. 27» 60. 

« Ann. Chim. Phya. [3], u. 474 1. 172. 

^ Med. CKem. UnJiwe. 218. 

* /6. 1866-71. 

* 7ft. ii. 221 ; iii. 406. 

^ Anm^hem. Pharm. cxlviii. 77. 
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The following formulse represent the chemical constitution of 
di-stearyHecithin : 


r (oo^H3,o) 

IqpqJOH 

\ 0 C 2 H*N( 0 Hs) 30 H 


^OCjgHjjO 

03H.-O0I3H33O 

\ /0.C,H40H 

\opo^ I 

\0H.N(CH3)3 


PreparaLion . — In order to prepare lecithin, yolk of egg is shaken 
up with ether until this ceases to be coloured, the residue treated 
with water, quickly washed on a filter, and then digested with 
alcohol at 50® — 60®. The solution is quickly evaporated down to a 
syrupy consistency, dissolved in a small quantity of absolute al- 
cohol, and the filtered solution cooled in a freezing mixture. After 
some time stearin-lecithin separates out in nodular masses or 
less frequently in fine crystalline tablets, whilst olein-lecithin 
remains in solution. On drying the former compound remains 
as a wax-like, imperfectly-crystalline mass, which is very hygro- 
scopic, and dissolves easily in ether-chloroform and the fatty 
oils. When the ethereal solution of this mass is shaken up 
with dilute sulphuric acid the latter substance extracts 
choline, and the ether contains distearylglyceroUpho^horic dcid, 
C3H5 (Cj 8 Hj 502)5 jP 04H2. The potassium salt of this acid is a 
crystalline body (Diakonow). 

Strecker also prepared his lecithin from yolk of egg, extract- 
ing it with a mixture of ether and alcohol, distilling off the 
ether, and adding alcohol to the residue in order to precipitate 
the fatty oils contained in the egg. On addition to the filtrate 
of an alcoholic solution of platinic chloride containing hydro- 
chloric acid a flocculent, yellow precipitate was thrown down, 
which was purified by repeated solution in ether and preci- 
pitation with alcohol. Analysis then gave the formula 
(C42H83PN08Cl)2PtCl4. Ou possiug sulphuretted hydrogen into 
the ethereal solution it "was decomjwsed, and after evaporation 
of the hydrochloric acid the lecithin remained as a wax-like 
mass. The solution of this in alcohol-ether, on being shaken 
with silver oxide, lost its hydrochloric acid, silver oxide however 
being dissolved, which was removed by sulphuretted hydrogen. 
On evaporating, the lecithin remained as a homogeneous, 
translucent mass. 

This body and its compounds are very easily decomposed. 
When an ethereal solution of the platinum salt is allowed to 
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stand, choline, platinum-chloride separates out gradually, and the . 
alcoholic solution of the hydrochloride of lecithin decomposes 
after some time with separation of fatty acids. The solution of 
free lecithin decomposes slowly in the cold but quickly on 
heating. Lecithin when brought into contact with water 
increases in bulk and the starch-like mass exhibits under the 
microscope various forms of filaments, spherules and drops. 

Similar gelatinous forms were first observed by Virchow 
when nerve fibres are exposed to the action of water for some 
length of time, and are known as myeline forms. 

712 Protagon, CjgQHgQgNgPOgg. This very complicated com- 
pound must be mentioned here because it was formerly confounded 
with lecithin and was afterwards regarded as being a mixture 
of this body with cerebrin, a phospliorettcd substance 
contained in the brain. Protagon (irpa>Tayo^ leading the van) 
was first discovered by Licbreich, who gave to it the formula 
^116^241^4^022.^ Its existence was afterwards ccrroboratcd by 
Qamgee and Blankenhorn, who assigned to it the above com- 
position, remarking, however, that a definite formula can only be 
obtained from an examination of its decomposition-products. 

The highest percentage of phosphorus found in this body 
by Liebreich was 1*3. Gamgee and Blankenhorn, who prepared 
the substance with great care and determined the phosphorus 
with accuracy, found, on the other hand, as a mean of five well 
agreeing analyses, the number 1*068.2 

In order to prepare protagon, perfectly fresh ox brains are freed, 
as completely as possible, from blood and adhering membrane, 
and are then digested for many hours (18 — 24) in 85 per cent, 
alcohol in a large incubator kept constantly at 45° The fluid 
is filtered whilst hot and the insoluble matter again treated with 
a fresh mixture of spirit, the proceeding being repeated four or 
five times, as long in fact as the filtrate cooled to 0° deposits a 
fair quantity of a white flocculent precipitate. This precipitate 
is collected on a filter, and being thence transferred to a stoppered 
bottle is thoroughly and repeatedly agitated with ether in order 
to dissolve cholesterin and other bodies soluble in ether. The 
ether having been removed first by decantation and then by 
filtration, the substance left undissolved is first of idl dried 
between sheets of filterTpaper in air and afterwards over 
fiulphuric acid or phosphorus pentoxide. The resulting mass; 

* Ann, Ohem, Pharm, cxxxiv. 29. © * 

i ^ ^ ^ ^ iVoe. ^0c. XXIX. 151 ; XXX. 111. 
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• which is snow-white, is reduced to powder, moistened with a 
little water and digested for many hours with alcohol heated 
to 45®. From the filtered liquid, if this be allowed to cool 
very gradually, the protagon separates in the form of micro- 
scopic needles mostly arranged in rosettes, the appearance and 
arrangement of which differ somewhat, as Liebreich has very 
exactly pointed out, according to the degree of concentration of 
the solution. 

The once crystallised protagon thus obtained is collected on a 
filter, washed with ether, and dried first of all in air and 
ultimately over phosphorus pentoxide. It is then reprystallised 
as many times as required, the process always beginning by 
pulverizing and thoroughly shaking with cold ether.' 

Like lecithin, protagon produces with water myeline forms, 
and like this it is also very easily decomposed ; and amongst its 
products of decomposition Liebreich noticed choline, fatty acids, 
and glycerol-phosphoric acid. 


SULPHUR COMPOUNDS OP PROPENYL. 

713 PrO’pcnyl Hydrosnlphidcs or Sidphhydrms are formed 
by the action of the chlorhydrins on an alcoholic solution of 
potassium hydrosulphide.^ 

Monomlphhy drill , C3H5(OH).2SH, is a thick, colourless liquid 
which possesses, when warmed, a peculiar disagreeable smell. 
It is scarcely soluble in water and forms amorphous mercaptidcs. 

DistUphhydrin, C3H50H(SH)2, is a liquid similar to the above 
and contains two atoms of hydrogen easily replaceable by metals. 

Trisulpihhydrin, €3115(811)3, is a colourless liquid much more 
mobile than glycerol and possessing an unpleasant, ethereal 
smell. The salts of the heavy metals yield flocculent precipitates 
with its alcoholic solution. 

Propenyl Monosvlphonic Acid, 03115(011)280311, it obtained by 
oxidizing monosulphhydrin with nitric acid. It is a gum-like, 
deliquescent mass, whose salts crystallize with difficulty (Carius). 

Propenyl Disulphonic Acid, C3H50H(803H)2. The potassium 
salt is easily formed when a concentrated solution of normal 

^ Gamgee, Physiological Chemistry qf the Animal Bociy, vol. t. 427. 

* Oarius and Ferrein, Ann, Chem, Pharm, exxii. 71 ; Canute t'6, exxiv. 221. 
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potassium sulphite is boiled with dichlorhydrin ’ or epichlor- 
hydrin.* It forms large rhombic crystals having the formula 
C3 Hq 0(S03K)2+2H20. When its concentrated solution is treated 
with barium chloride the barium salt, C3H30(S03)2Ba+2H20, 
separates out, on standing, in warty concretions. If this be 
decomposed with sulphuric acid and neutralized with lead 
carbonate, the lead salt, C3H30(S03)2Pb+2H20, is obtained, 
crystallizing in large, casily-soluble crystals. By the action of 
sulphurreted hydrogen on the lead salt the free acid is obtained 
as a hygroscopic syrup. 

Propenyl TrisiUphonic Acidy 03115(80311)3. When trichlor- 
hydrin is boiled with a solution of potassium sulphite, it gradually 
dissolves, and on evaporation an imperfectly crystalline mass 
separates. This contains chlorine, and is probably a double salt 
of potassium chloride and potassium propenyl trisulphonate, and 
it is not decomposed into its constituents by recrystallization. 
When heated with sulphuric acid in order to drive off the 
hydrochloric acid and neutralized with barium carbonate, harium 
propenyl trmilphonatey (C3H5)2(S03)3Ba3, is deposited as a diffi- 
cultly-soluble powder (Schatiffeleii). 

Chlorhydrin Sulphonic Acid, 031-150(0 H)S03H, is formed 
by heating epichlorhydrin with acid sodium sulphite. Tho 
sodium salt, C3H5Cl(0H)S03Na + 2H2O, thus obtained forms 
large, monoclinic crystals. The free acid is obtained by decom- 
posing the alcoholic solution of the sodium salt with oxalic acid. 
It is a deliquescent syrup which forms salts usually crystal- 
lizing well.^ When the sodium salt is heated with sodium 
sulphite, sodium proiienyl disulphonate is formed (Paschke). 


NITROGEN COMPOUNDS OP PROPENYL. 

714 Propenyl Hydrooiyydiamine or Diamidohydriny C^H- 
(NH^2®®- formed, together with glycidaminc, 

C3H5(NH2)0, when dichloi hydrin is heated with a one-per-cent, 
solution of alcoholic ammonia. When the solution is evaporated 
the hydrochloride of the first base is formed. -In order to separate 
it, the liquid is allowed to stand over ether until tho free 

^ Schaiiffelen, Ann. Chem, Plumn. cxlviii. 111. 

, Paschke, Jmm. Prakt. Chem. [2], i. 82,. ' 

^ Darmstiidter, Ann. Chem. Phann. cxlviii. 125. 
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ammonia has disappeared. If more ether be gradually added, a 
small quantity of sal-ammoniac is first thrown down, then 
hydrochloride of diamidohydrin, and lastly the glycidamine salt, 
which crystallizes in needles or prisms if the materials are 
anhydrous ; otherwise it is formed as a syi-up, as it is excessively 
hygroscopic. 

If dichlorhydrin be heated with strong alcoholic ammonia, 
chlorhydrinimidey CigHg^NgClO^, is formed, a white amorphous 
mass which swells up with water to form a voluminous jelly. ^ 
Propenyl Triamine, C3H5(NH2)3, is obtained by the reduction 
of the corresponding nitro-compound, to be described hereafter. 
It is an oily, unpleasantly-smelling liquid, the hydrochloride 
forming a white crust and yielding a platinichloride crystallizing 
in octohedrons. 

Propenyl Trimethyl Amrnonium (/Aforirfe, N(CH3)3C3H5(0H)2C1, 
is formed by heating chlorhydrin with trimethylamine. It is 
deposited in needles easily soluble in water and its platinichloride 
crystallizes in orange-red, rectangular tables.* 

TrinUropropane, C3H5(N02)3, is formed by the action of silver 
nitrite on tribromhydrin. It is a heavy, yellow oil, boiling 
between 190° and 200°, and yielding with alcoholic potash the 
compound C3H2K3(N02)8, which is a white powder soluble in 
water.® 


GLYCERIC ACID, or DIOXYPROPIONIC ACID, 

C3H3O,. 


715 This substance was obtained by Debus ^ and Sokolow,® 
by oxidizing glycerol with nitric acid. It is also formed when 
glycerol is heated with bromine and water, or when calcium 
chlorlactate is treated in aqueous solution with silver oxide 

C1CH2.CH(0H)C02v 

. vCa + Ag20 + 
C1GH2.CH(0H)C0./ 


H20 


(0H)CH2.CH(0H)C02v 

Va + 2AgCI. 
(OH)CHj.CH(OH)CO/ 

' Claus, Ann, Chem, Pharm, clxviii. 29. 

® V. Meyer, Ber. Deutach, Ch&m, Oes, ii. 186 ; Hanriot, Ann» Chim, Phya, [6], 
xvii. 99. • Brackcbusch, Her. DcuUeh* Chem. Oca. vi. 1289. 

* Ann, Chem, Phanm. cvi. 79 ; cix. 227. ® Ih, cvi. 05. 

• Frank, Ih, cevi. 338. 
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* In order to prepare glyceric acid a long cylinder is filled with 
equal parts of nitric acid, glycerol, and water, and the reaction 
which takes place after some little time is allowed to go on 

without the aid of heat. The product of this reaction is 

concentrated on a water-bath and then converted into the 

calcium salt (J)ebus) or lead salt,^ from which, by means of 

oxalic acid or sulphuretted hydrogen, as the case may be, the 
free acid is separated. This remains, on evaporating the 
solution, as a strongly-acid syrup, which on standing deposits 
small needles of the anhydride C3H40j^, whose molecular 
formula is doubtless a multiple of this. Tliis is difficultly 
soluble, even in boiling water, and crystallizes from it in thin 
six-sided prisms. Boiling water converts this anhydride only 
slowly into glyceric acid, and this takes place more quickly in 
presence of a small quantity of milk of lime.* On dry distil- 
lation, water, formic acid, acetic acid, and pyroracemic acid are 
first given off ; * and then pyrotartaric acid, its anhydride and 
other poducts.^ 

When distilled with acid potassium sulphate, pyroracemic 
acid is formed in large quantity : * 

CH-.OH 

|. 

I 

(ilyceric Jicid is monobiusic, and forms salts which usually 
crystallize well. 

Calcium Glycerate, + 2H2O, is deposited in crusts 

tolerably soluble in water. Strontium Glyccrate, (C3H504)2Sr, 
is almost insoluble in cold water, but dissolves readily in hot 
water, and deposits in crystals united in warty concretions. Lead 
Ghjeerate, is difficultly soluble in cold, but readily 

soluble in hot water, and crystallizes in hard crusts. 

716 Ethyl Glyc^iratc, CgH504(C2H5), is formed when glyceric 
acid is heated for some hours to 170® — 100® with four times its bulk 
of absolute alcohol. It is a thick liquid having a bitter taste, and 

’ Beilstein, Ann, Chem, Pharm, cxx. 2^6 ; Mulder, Bcr. Dcutsch, Chm, Ota, 
ix. 1902. 

Sokolow, /&. xi. 679. 

^ Moldeuhauer, Ann, Ghcm. Pham, cxxxi. 323. « . . 

* Buttlnger, ih, «xcvi. 92. • 

® Erlenmeyer, Btr, Deutach, Chem, Gea, xiv. 320. 


CH, 

io + HijO. 
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boiling between 230®— 240®. By the action of nitro-sulphuric 
acid it is converted into the nitrate, C2H3(N03)2C0g.C2H6, a 
heavy, oily, easily-combustible liquid.^ 

^•DiM(yrpropi(mic Acid, CHgCLCHCLCOglT, is formed by 
oxidizing the corresponding chlorhydrin, and its chloride is 
obtained by the action of phosphorus chloride on glycerol. It 
crystallizes in small needles, melts at 60®, and boils with decom- 
position at 210®. On acting with absolute alcohol upon the 
cliloride ethyl p-dicldorpropionate, 0311301.202(02115), is formed, a 
liquid boiling at 183® — 184®. 

^-Dihi'mnpropionic Acid, OH^Br.OHBr.OOgH, is obtained by 
oxidizing fi-propenyl dibromhydrin with nitric acid,^ and it is 
also formed when a -dibrom propionic acid is heated to 100® for 
eight days with fiuning hydrobromic acid.* It is tolerably soluble 
in water, and crystallizes in two forms which can be produced at 
pleasure by bringing the fused acid in contact writh the one or 
the other. The more stable form crystallizes in tables, whicli 
melt at 64®. Heated to a higher point, the second modification 
is formed, and this melts at 51® ; it forms compact prisms, which 
when kept, pass into the first form.^ Both modifications belong 
to the monoclinic system.* The salts of the acid arc but slightly 
stable, and are easily converted, with formation of a metallic 
bromide, into bromacrylic acid. 

Amidoglyccrol or C2H3(0H)(NH.2)C0.2H, is formed by 

boiling serecin or silk-substance with dilute sulphuric acid. It 
crystallizes from hot water in hard oblique prisms having a faint 
sweet taste. In its chemical relations it agrees with the other 
amido-acids ; it yields glyceric acid on treatment with nitrous 
acid.® 


BUTENYL ALCOHOL, C^H^COH)^ 

717 It has already been stated (p. 166) that acetaldehyde is 
converted, with loss of water, into crotonaldehyde, and that this 
unites with hydrogen to form crotonyl alcohol, CH3.CHZI 
‘CH.OH2.OH1, butyraldehyde and normal butyl alcohol also 

^ Henry, Ber, Deuiach, Chtm, Oes, iv. 705. 

® Miiiider and Tollens, Ann. Chem, Pharm, clxvii. 222. 

* Phillipi and Tollens, ih. olxxi. 837. 

* Linnemann and Penl, Ber, Devitei^. Chem. Gee. yiii. 1090 ; Tollens, ih. 1448, 
14.52. 

® Zcpharovich, Jahresh. Chem, 1878, 693. 

* Cramer, Jahreab, 1866, 655. 
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being formed. The crotonaldehyde, which will be described 
later on, combines with a molecule of bromine to form hutenyl 
dihromhydrin, CHg.CHBr.CHBr.CHgOH, and this when heated 
with a large quantity of water is converted into hutenyUglycerd^ 
CH3.CH(0H).CH(0H).CH20H. This is a thick, sweetish- 
tasting liquid, which boils under a diminished pressure of 27 mm. 
at 172® — 175®. When heated with acetic anhydride to 150® 
the tinacetin, is formed, a somewhat thick liquid, 

having a weak but pleasant smell, and boiling at 261®‘8. When 
butenyl alcohol is heated with hydriodic acid it is reduced to 
secondary butyl iodide/ 


PENTENYL ALCOHOL, C^E^(OIL)^ 

718 This is obtained from tiglic aldehyde, C5HgO, and forms 
a sweet-tasting syrup.^ 


HEXENYL ALCOHOL, 

719 The point of departure for this glycerol is crotonyl methyl 
carbinol, CH2=CH.OH2CH20H(OH)CH3, a body which will be 
described hereafter. The acetic ether of this carbinol combines 
with a molecule of bromine, and the product heated with acetic 
acid and silver acetate to 120® yields the triacetin, a thick liquid 
boiling at 280® — 285®. This when boiled with water and lead 
oxide yields a glycerol possessing the following constitution, 
H0.CH2.CH(0H).CH2.CH3.CH(0H).CH3. It is a very thick 
liquid, having a sweetish-bitter taste, and boiling under a 
pressure of 10 mm. at 181®.^ 

^ Lieben and Zeisel, Monatsh, Chem, i. 818. 

‘ Herzig, Monatsh, Chem, iii. 118. 

s Markownikow and Kablukow, Ber» Deutsch, Chem, Ges, ziii. 1842 ; xiy. 1711. 



COMPOUNDS OF THE MONAD ALCOHOL RADI- 
CALS, C„H2„ 1, AND OF THE ACID RADICALS, 

CnH2n-30« 

720 The triad radicals can also act as monad radicals when 
two atoms of carbon are linked together by two combining units. 
Hence the compounds of these radicals stand to the olefines in 
the same relation as the monad radicals of the fatty acids do to 
the paraffins. Like the olefines, these hydrocarl^ns combine 
directly with the elements of the chlorine group, with their 
hydracids and so forth. Their compounds may be classed as 
primary, secondary, and tertiary. 

The first of these classes contains aldehydes and mono- 
basic acids. Of these several occur in nature partly a3 glycerides 
in a variety of fats, whilst many of them can be artificially 
prepared. This group of acids is termed, from its first member, 
the Acrylic Series. The members of this series maybe obtained 
by the action of alkalis, silver oxide, or lead oxide on the 
monosubstituted fatty acid; thus /8-iodopiopionic acid yields 
acrylic acid: 

CH 3 I 

AHj 

I I 

COjH COjH 

The oxyacids in which the hydroxyl is not attached to the 
carbon next to carboxyl, decompose on distillation into water and 
an- acid of this group. Thus ^-oxybutyric acid yields crotonic 
acid ; 

CH3 CHa 

Ah.oh Ah 

I “II 

CHg GH 

’CO,H Ao,H 


CH, 

Ah + HI. 


+ H,0. 



330 


THE ACRYLIC SERIES. 


The ethereal salts of the oxyacids, which can be obtained from 
oxalic acid by replacement of one atom of hydrogen by an alcohol 
radical, and which .are, therefore, at the same time tertiary 
alcohols (see p. 16), are converted by phosphorus trichloride into 
ethereal salts of the acrylic acid scries, or as Duppa and Frankland 
term them, iso-acrylic acids.^ The ethyl salt of iso-oxybutyric 
.acid is thus converted into that of methacrylic acid : 

CH, CFr3 CH3 CHg 

3 ^dX)H + PCI., = 3 + P{0H)3 + 3HC1. 

On fusion with caustic potash the acids of this group ore 
decomposed into two molecules of a fatty acid, inasmuch as the 
molecule splits up at the point of double linkage ; thus crotonic 
acid decomposes into two molecules of acetic acid : 

CH3.CHz:GH.C 02H + 2KOH = 2Cir3.C02K + H,. 

‘ The constitution of these acids may in many cases be ascer- 
tained by this reaction, though not in all cases, as isomeric acids 
may yield the same products of decomposition. Thus, for 
instance, the two following acids, having the formula 
yield normal butyric and acetic acids : 

Hydrosorbic acid, CH3.CHziCH.CH.,.CH3.CO.,H 

CH3.CH. 

Ethyl-crotonic acid, ;C.CO.,H 

CH3.CH/ 

III addition to this, many of these acids are converted by 
heating into isomeric modifications. For example, isocrotonic 
acid, CHg ZI CH.CH2.CO2H, is thus converted into crotonic 
acid, and therefore, when fused with caustic potash yields only 
acetic acid. 

. In their physical characters these acids resemble the group of 
the faitty acids. The first terms of the series are miscible with 
water and easily volatile. With increase of molecular weight 
the,“^ solubility in water diminishes and the boiling-point in- 
creases. The higher members of the series are oily liquids at 
the ordinary temperature and not volatile without decomposition, 
and these when acted upon with even a small (juantity-of nitric 

^ Journ; Chem, Soc» xviii, 183. 
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acid are converted into crystalline isomeric modifications. Their 
glycerides exhibit similar properties. They are distinguished 
from the corresponding fatty acids, inasmuch as their lead salts 
are easily soluble in ether, and by this means they can be 
readily separated from the latter series with which they occur. 

721 The secondary and tertiary alcohols belonging to this 
series arc obtained by reactions similar to those employed for 
the preparation of the corresponding compounds of the fatty 
group. The members already known are described on p. 411. 


THE ALLYL COMPOUNDS. 

722 In 1844 Wertheim proved that the chief constituent of oil 
of garlic obtained from the bulbs of Allium saiwum is the sulphide 
of a radical to which he gave the name of Allijl, At the 

same time Will showed that the volatile oil of mustard (SinapU 
nigra) may be looked upon as the sulphocyanide of the same ' 
radical, 2 and Wertheim then made the interesting observation 
that by distilling the roots of garlic mustard {Alliaria officintdis)^ 
a plant which, like tlie mustard plant, is a crucifer, the volatile 
oil of mustard can be obtained, whilst the leaves of the plant 
yield a volatile body which smells exactly like garlic oil.^ 
Shortly after he showed that garlic oil can be converted into 
mustard oil, and vice versd,^ 

By the action of iodide of phosphorus on glycerol, Berthelot 
and de Luca in 1854 obtained the compound CgH^T, to which 
they gave the name of iodopropylene,® and they, as well as 
Zinin,® found that this body can be converted into mustard oil 
by heating it with potassium thiocyanate or silver thiocyanate. ^ 
Other allyl compounds were then prepared by these chemists,® 
as well as by Hofmann and Cahours.® 

Allyl Alcohol^ CgH-.OH. Cahours and Hofmanii obtained this 
body by treating the iodide with silver oxalate, and then passing 
dry ammonia into the allyl oxalate when oxamide separates out 
rapidly : 

(C,H,0),C,0, + 2NH3 = 2C3H3.OH + C3O, (NH^),. . ' 

* Ann. Chum, Pharm. li. 289. ’ Jb. lii. 1. 

» Ib. lii. 62. * lb. Iv. 297. 

• Ib, xciL 807. > ' Ib. xcv. 128. 

f Ib. zcvii. 126. » lb. c. 369. ^ lb. c. 366 ; cii. 285. 
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The allyl alcohol is then distilled off by heating in a bath of 
chlorido of calcium. 

Allyl iodide can also be converted into the alcohol by the 
methods already described (Part I. p.. 164). The simplest plan 
is, however, to^heat glycerol with oxalic acid, when monoformin 
(p. 365) is obtained, and this decomposes as follows : 

CHg.OH CHg 

CH.OH = IjH + CO* + H*0. 

iH^O.COH 6 h,.oh 

For this purpose 4 parts of glycerol and 1 part of crystallized 
oxalic acid are heated in a retort to 195®, the receiver changed, 
and the temperature allowed to rise to 260®. The distillate is 
rectified, waimed with caustic potash, re-distilled, and dried, 
first over caustic potash, and finally over caustic baryta. If the 
oxalic acid contain alkali, as is almost always the case, from 
jialf to one per cent, of sal-ammoniac must be added in order to 
get a good yield.^ 

Allyl alcohol is also found in small quantity*in crude wood- 
spirit.® 

It is a mobile liquid which possesses a pungent odour, boils 
at 96® '6, and at has a specific gravity of 0’8706 (Thorpe). It 
retains water very strongly, and when mixed with this liquid 
the boiling-point is lowered.® When heated with solid caustic 
potash to 150®, propyl alcohol is formed together with ethyl 
alcohol, formic acid, propionic acid, and other compounds.* 
Chromic acid solution oxidizes it to acryl aldehyde, formic acid 
also being produced.^ 

Its compounds with the halogens and their hydracids have 
already been described. These may be looked upon as 
propenyl compounds, or as substitution-products of primary 
propyl alcohol. 

^ Tollens, Ann. Ch/m. Phann, clvi. 129. 

* Aronheim, Ber, Deutsch. Chem. Oes. vii. 1381 ; Grodski snd Earmor, ib. vii. 
1492. 

JMttnugr and Stewart, Chem, News, xxziii. 53. 

* Ann. Chetn. Pham, clix. 92. 

^ wnne snd Tollens, ib. clix. 110. 
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ALLYL ETHERS. 

723 Allyl Oayide or Di~allyl Ether, waa obtained by 

Bertbelot and de Luca, by acting with mercuric oxide on allyl 
iodide/ and Cahours and Hofmann also obtained it by the 
same method, as well as by dissolving sodium in allyl alcohol, 
and treating the product with allyl iodide.® It is a liquid 
smeUing like horse-radish, and boils at 82®. 

. Ethyl Allyl Ether, boils at 66®— 67®, and has a 

specific gravity of 0'7651 at 20® (Brtihl). 


ETHEREAL SALTS OF ALLYL. 

724 Allyl Chloride, C3H5CI, is obtained by heating the iodide ^ 
with mercuric chloride, or by warming the oxalate with calcium 
chloride and alcohol at 100®.® It is, however, best obtained by 
the action of phosphorus trichloride on the alcohol.^ It is a liquid 
possessing a pungent smell, boiling at 44«®*6, and at 0® having a 
specific gravity of 0 9547. It combines with hypochlorous acid 
to form /8-dichlorhydrin. 

Allyl Brcmide, CgH^Br. This compound, which serves for 
the preparation of the trimethylene compounds, is best obtained 
by pouring a mixture of equal volumes of sulphuric acid and 
water on to potassium bromide, and dropping allyl alcohol 
into the warmed mixture.® It is a pungently smelling liquid, 
having at 0® a specific gravity of 1*461, and boiling at 70® — 71® 
(Tollens). 

These two ethereal salts of allyl unite with chlorine or bromine 
to form propenyl compounds, and with the hydracids, according 
to the conditions, to form propylene or trimethylene compounds. 

Allyl Iodide, O3H5I. In order to prepare this, 160 parts of 
allyl alcohol are mixed with 254 parts of iodine and twenty parts of 
phosphorus, and the mixture, after standing twenty-four hours, is 
distilled in a stream of carbon dioxide (Tollens and Henoinger). 

' Ann. Chim. Phy^. [3];xlviii. 286. 

* Ann, Chem, Pharm. cii. 285. 

3 Op^nheim. Ib, cxI. 205. 

“• ToUens and Henninger, Ib. clvi. 154. 

® Groslieintz, Bull, Soe, Chim, xxx, 98. 
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To .prepare it froia glycerol, fifteen .parts of tliis-liquid, which 
must be well dried, are mixed wkh/ten parts of iodine in a 
retort, and -three parts»of white phpsphoi^gradually added, the 
mixture b^ngthen distilled in an atmosphere of carbon dioxide.^ 
The product thus obtained usually contains secondary propyl 
iodide and allyl alcohol (p. 358). In order to purify it, it is 
dissolved in alcohol and shaken up with mercury, i)y which 
means allyl mercury iodide, CgHgHgl, is formed, and this is 
crystallized out from boiling fdcohol, and then decomposed by 
water and the theoretical quantity of iodine.* 

Allyl iodide is a liquid having a pungent alliaceous smell, 
boiling at‘101°*5 — 102°, and having at 12° a‘ specific gravity of 
1’848. When heated with 20 parts of water to 100°, it gradually 
dissolves with formation of allyl alcohol.* Bromine converts it 
into tribromhydrin. 

The above-mentioned mercury compouna crystallizes in white 
scales, and is converted by moist silver oxide into allyl mercunj 
hydf^idc, C3HgHg(OH), which is a syrupy alkaline liquid, 
forming salts with acids.^ 

If allyl iodide be added to an alcoholic solution of potassium 
jutro-ethane, allyl-nitro-ethane, CgHj^NOg, is formed. This is 
volatile not without decomposition, and it is converted by zinc 
and hydrochloric acid into the amine, CgHgNHg, boiling at 85*’.° 

725 Allyl Nitrate, CgHgNOj,, is formed by the action of silver 
nitrate on allyl bromide. It is a pungent mobile liquid boiling 
at 106°.« 

A llyl Borate, (C;,H5).,B03, is formed by heating allyl alcohol 
with boron trioxide to 130°. It is a liquid giving a pungent 
vapour whiph causes a flow of tears, and boils at 168° — 175°. 
It combines with six atoms of bromine to form a thick 
liquid, which is decomposed by water into boric acid and 
^-dibromhyd rin.^ 

Allyl FormaJtc, CgHgCHOg, is formed in the preparation of 
formic acid from glycerol and oxalic acid. It is a liquid 
"'possessing a sharp mustard-like smell, and boiling at 82° — 83° ® 


^ Kaunonikow and Savtzew, Ann. Chem Pharm. clxxxv. 191. 
® Linnemanii, ih. Siippl. iii. 263. 

* Niederist, Ann. Chem. Pharm. exevi. 850. 

^ Kitisowsky, Zeitsch, Chem, 1870, 527. 

» Gal, Bull. Soc. Chim. [2], xx. 13. 

* Henry, Ber, Beutsch. Chem. Ges. v. 452. 

* Councler, Jaum, Prakt. Chem [2], xviii. 376. « 

* Tollens, Zeitseh. Chenu 1866, 518; 1868, 441. 
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Allyl Acetate, CgHg.OgtiIjO, is an aromatic pungent-smelling 
liquid, having a sharp tast6, rind boiling at 103° — 104°.^ 

Allyl Ogsalaie, is aA -oily liqtlid which lyis a smell 

resembling both mustai^ and ethyl oxalate, and boils at 207° 
(Cahours and Hofmann). • 

Allyl^ Cyanformate, C3H5.O.CO.CN. Cyanogen gas is 
absorbed by allyl alcohol with evolution of heat, the compound 
C8H5(0N)20H being formed. This is a colourless liquid, 
smelling like acetohitril, and boiling at 150° — 151°.* It is 
decomposed by fuming hydrochloric acid with formation of 
sal-ammoniac, oxamide, allyl chloride, and allyl cyanformate. 
This last is a liquid having a mustard-like smell, and'Tboiling at 
i:35°.s 

726 Bvhstitution products of Allyl Alcohol and of iU Ethers and 
Ethereal Salts, The ethers are obtained by the action of alcoholic 
potash on the isomeric epichlorhydrins or epibromhydrins, and 
the ethereal salts are produced when the latter compounds are 
treated with potassium acetate, silver nitrate, &c., whilst "'the 
alcohols can be obtained from the ethereal salts. It is usual to 
distinguish as a-compounds those containing the group 
dig m CX.CH2 and as /3-compounds those containing the 
group CHX IZ CH.CH2, in which X signifies a halogen. 

^ /8-bromallyl alcohol, 

^ a-chlorallyl ethyl ether, 

® ^-chlorallyl ethyl ether, 

" a-bromallyl ethyl ether, 

" /8-bromallyl ether, 

* /3-bromallyl nitrate, 

^ a-chlorallyl acetate, 

^ ^‘chlorallyl acetate, 

lodallyl Alcohol, CgH^I.QH, is formed by the action of a dilute 
solution of carbonate of soda on /3-propenyl di-iodhydrate, and 
it crystallizes in needles which melt at 160°.® 

^ Zinin, Ann. CTiem, Pkann. xcvL 361 ; Cahours and Hofmann, loc dt, \ 
Bi'iihl. Liebig* a Ann. cc. 179. * Tolleus, Ber, Deutsch, Chcoti. Gcs. t. 621. 

* Wagner and Tollcns, tb. v. 1046. 

* Henry, Ber. Deutaeh. Chem. Oes. v. 449. , ® Ib, v. 189. 

® Friedel and Silva, Jahreab. 1872, £24. 

^ Henry, Ber. DeiUsclp, Chem. Gea. v. 188. ® Henry, ib, vi. 729. 

* Hubner and Lellmann, ih. xijli. 461. 
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(G,H,Br),0 

212“— 215“ 

O3H4Br.NO., 

140“— 150“ 


C3H,C1(C2H30,) 140°— 145° 
C3H4C1(C2H302) 156°— 159" 
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SULPHUR COMPOUNDS OF ALLYL. 

^ #■ 

- 727 Allyl Hydrosulphide, C 3 H 5 .SH. This mercaptan was first 
obtained by Cahours and Hofmann by the action of the iodide 
upon an alcoholic solution of potassium hydrosulphide. It is a 
liquid boiling at 90®, and possessing a smell resembling that of oil 
of garlic, though being somewhat more ethereal. It unites with 
mercuric oxide to form a mercaptide, which crystallizes from 
alcohol in pearly glistening scales. 

Allyl Sulphide, (C3HrJ2S. Oil of garlic was first investigated 
by Cadet, and that of onions (Allitm lepa) by Fourcroy and 
Vauquelin, and in this the latter chemists proved the presence 
of sulphur.^ Wertheim then showed that the first of these oils 
consists principally of allyl sulphide, and Cahours and Hofmann 
obtained it artificially by the action of allyl iodide on an alcoholic 
solution of potassium sulphide. In addition to garlic, various other 
- plants, as the herb and seeds of Thlaspi arvense? Iheris amara, 
and othet crucifers, yield allyl sulphide on distillation with 
wrfter, together usually with oil of mustard.^ 

Both allyl sulphide and mustard-oil are products of decom- 
position of more complicated compounds. That which yields 
mustard-oil is known, but not that from which the allyl sulphide 
is derived. That this latter, for example, is not contained ready- 
formed in the seeds of Thlaspi arcense is shown by the fact that 
when they are bruised dry they are odourless, and that it is only 
when they are macerated and bruised in water that the smell 
becomes evident. Further particulars of this will be given under 
Mustard-oil. 

Allyl sulphide is a powerfully refracting liquid, which does 
not possess so unpleasant a smell as the crude oil of garlic, and 
boils at 140"*. If mixed with an alcoholic solution of silver 
nitrate, a precipitate of (CgH 5 ) 2 S(AgN 03)2 is thrown down, and 
this crystallizes from hot alcohol in needles. Precipitates are 
also produced with mercuric chloride, platiaic chloride, &c. 

The ethereal oil of assafcetida appears also to contain allyl 
sulphide, as its mercury compoujid yields mustard-oil on distilla- 
tion with potassium thiocyanate.'* 

^ Gxnelin, Handh, Chem, ix. 372. 

* Wertheim, Ann, Chem. Pharm. li. 289 : Iv. 297. 

« Plesa, ih. Iviii. 38. 

^ Hlasiwetz, Ann, Chem, Pharm, Ixxi. 23. 
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NITRO&EN BASES OP ALLYL. 

728 Allylmiine, CgHgNHg, was prepared by Hofmann and 
Cahours from allyl isocyanate and from allyl iodide. It is best, 
however, prepared from mustard-oil by treating it with zinc and 
hydrochloric acid^ or with sulphuric acid containing some water:* 

“ Nj ^®6 + COS. 

Allylamine is a liquid possessing a strong ammoniaeal odour, 
and causing sneezing and a flow of tears. It boils at 68 ®, and 
has a specific gravity at 15® of 0'864. It is miscible with water 
with evolution of heat, and precipitates many metallic salts. 
The sulphate forms feathery crystals, and the hydrochloride is 
deposited in deliquescent needles, whilst the platinichloride 
forms orange-coloured monoclinic tablets. ^ ^ 

Triallylamine, (C 3 Hg) 3 N, is obtained by distilling tetrallyl- 
ammonium hydroxide (Cahours and Hofmann), or more simply 
by distilling the corresponding bromide with an excess of freshly 
fused caustic potash.* Its formation from allyl chloride and 
potassium cyanide is remarkable. If an alcoholic solution of 
these bodies be allowed to stand, the tertiary base is formed 
together with the nitril of ethoxybutyric acid, pyrotartaric acid 
and its nitril, ^ the following reactions taking place : 

(1) CHgZrCH.CH^Cl + KON + OH.CgHg = 
CH3.CH(OC2Hg)CH2.CN + KCI. 

( 2 ) CH2IICH.CH2CI. + 2KCN + H ,0 = 
CH3.CH(CN)CH,.CN + KCI + KOH. 

( 3 ) CH3.CH(CN)CH2.CN + 2 KOH + 2H2O = 
CH3.CH(C02K)OH2.C02K + 2NH3. 

( 4 ) SCgHgCl + 4NH3 « (C3Hg)3N + 3 NH,C 1 . 

Triallylamine is a light, unpleasantly pungent-smelling liquid, 
boiling at 150° — 151° : 

^ Oeser, Ann, Chem. Pharm, czxxiv. 8. 

® Hofmann, Bar, Dmtsch, Chem, Oes, i. 182; Rinne, Ann, Chem. Pharm, 
clxviiu 262. 

> Giosheintz, Bull, Sgc, Ckim. xxxi. 391. 

^ Piniier, Ber, BeiUsch, Chem, Gcs, zii. 2054. 
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TetrMylamrii^ium Iodide, This is the chief 

product of the '^tion of ammonia on allyl iodide. Indeed, at 
ordinary temperatures crystals of this compound separate out, 
the quantity being increased by the addition of caustic potash 
as the salt is insoluble in concentrated caustic ley. Freshly 
precipitated silver oxide converts it into the strongly caustic and 
alkaline hydroxide. 

729 Mixed Allylamines, The two following have been obtained 
by Rinne ^ by heating allylamine with ethyl iodide : 


Ethyl allylj,mine, N - 


Diethyl allylamine, 



B.P. 


84“ 

an. 

CA 

100“— 103' 


Dimonochlorallylamine, (C3H4C1)2NH, is formed by heating 
trichlorhydrin with alcoholic ammonia. It is an oily liquid 
which boils with decomposition at 194®, and possesses a character- 
istic smell and an alkaline reaction.^ 

Tribromhydrin yields a corresponding compound,® whilst 
a-tetrachlorglycid forms tefrachlordiallylamine, (C3H3Cl2)2NH, 
a strongly alkaline oily liquid which evaporates in a current of 
steam.^ 


CYANOGEN COMPOUNDS OF ALLYL. 

730 Allyl Carbamine, CN.C3H5, is obtained by heating allyl 
iodide with silver cyanide. It is a mobile liquid which boils between 
96® and 106®. Its smell is so penetrating and unpleasant that 
when a bottle containing it is opened the air of the room is 
ofiensive for many days, and so much is this the case that it 
could not be carefully further examined.® 

Allyl Carbimide, or Allyl Isocyas^e^ CCL|JC3H5, was obtained 
by Cahonrs and Hofmann by actifiig^ with allyl iodide on silver 

^ Ann. Chem. Pharm. clxviii. 2C1. 

* Engler, Ann. Chem. Pharm, cxlii. 77. 

’ Simpson, Ann, Chim. Phya. [3], Ivi. 129 ; Reboul, Ann. Chem. Pharm. 
Sup^. L 232. 

♦ Fittig and PfefTer, Ann. Chem, Pharm, cxxxv. 363. * 

® Llekc, Ann. Chem, Pharm. cxii. 316, 
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cyanate. It is an unpleasantly smelling liquid which causes 
a flow of tears and boils at 82^ 

Allyl Thiocyanate^ NC.SO3H5. As soon as oil of mustard 
had been artificially prepared by heating allyl iodide with 
potassium thiocyanate or silver thiocyanate, this oil was naturally 
looked upon as allyl thiocyanate. Further examination proved 
that it is not this compound but its isomeride, allyl thiocarbimide, 
and its formation by the above reaction, by which it must be 
remembered the other iodides of the alcohol radicals yield the 
true ethereal salts of thiocyanic acid, remained unexplained until 
Billeter^and Gerlich® showed that allyl thiocyanate, possesses 
the remarkable property of being easily converted into the 
isomeric oil of mustard, whilst all the other ethereal salts of 
thiocyanic acid are very stable compounds. Billeter obtained the 
thiocyanate by the action of lead allyl mercaptide on an ethereal 
solution of cyanogen chloride : 

+ 2CNC1 = 2C3H,.SCN + PbCl.^. 

According to Gerlich it is obtained when a solution of 
ammonium thiocyanate in three parts of alcohol is mixed with 
allyl bromide, and the whole allowed to stand in a vessel 
surrounded by ice,® and, when the reaction is complete, pre- 
cipitating with ice-cold water. 

Allyl thiocyanate is a colourless, strong refracting, oily liquid 
possessing an alliaceous od<Jur, at the same time reminding one 
of that of hydrocyanic acid. It appears to exert a poisonous 
action, inasmuch as on working with the substance for some time 
headache, nausea, and nervous excitement are noticed. It begins 
to boil at 161^ but the boiling-point soon sinks, and an intense 
smell of mustard-oil is evolved; the whole of the allyl thio- 
cyanate being completely converted into this substance if an 
inverted condenser be employed, and the liquid heated until 
the boiling-point sinks to 148® — 149®. This molecular inter- 
change takes place slowly at the ordinary temperature. Alcoholic 
potash converts it^into potassium thiocyanate and allyl mer- 
captan, and when hfougbt £& ^ntact with sodium amalgam it is 
converted by a violent reaction into allyl carbamine. 

73X Allyl Thiocarbimide, CS.NCgHg. The Attic Greek 
comedians mention mustard as a biting substance which causes a 
flow of tears, but is an excellent substance for giving a relish to 

^ Ber, Dmtach, Cheni, Oea, yiii. 464. ^ Ib, viii. 650, 

^ Ann. Chem. Pharm. clxxviii. 80. 
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certain kinds of food. That this well known property of mustard 
is due to the presence of a volatile oil appears to have been first 
observed by Lefebre in 1660. Boerhave also mentions the 
same fact in 1732, and Thibierge in 1819 proved that this oil 
contains sulphur,^ whilst Boutron and Robiquet,^ as well as 
Faure,® found in 1831 that the mustard seeds do not contain 
it ready formed. Boutron and Fremy then showed that the 
mustard seeds contain a peculiar albuminoid substance, which 
when brought in contact with the odourless aqueous extract 
obtained from mustard-flour, which has previously been treated 
with hot alcohol, brings about the formation of the volatile oil. 
JBussy next isolated the compound from which the mustard-oil 
is obtained by this decomposition, and found that it is the 
potassium salt of an acid to which he gave the name of myronic 
acid (jjLvpov, perfume or balsam) and that when placed in contact 
with water and with the above-named ferment, termed myrosin, 
it yields the essential oil.® Will and Kdrner investigated this 
subject more fully. 

In place of common mustard seeds those of Sinapis juncea 
arc much used. This kind of mustard is grown in India, Central 
Asia, and South Russia, and also yields oil of mustard, as also 
do horse-radish,® the roots of Eeseda odorata^ and other plants 
which have been mentioned (p. 386). 

In order to prepare mustard-oil the seeds, freed from fatty 
oil by pressure, are mixed with from 3 to 6 parts of water to 
form a paste, and then an aqueous extract of white mustard is 
added, this not yielding any mustard-oil, but being rich in 
myrosin. The water must be cold, as hot water coagulates 
myrosin, like albumen, and renders it inactive. After 24 hours 
the whole is distilled, the oil separated from the water, and the 
latter used for another preparation as it contains some dis- 
solvecl oil. A thousand parts of black mustard seed macerated 
with fresh water yield from 2 to 7 parts of the oil, but if water 
saturated with the oil by previous distillations be used, the 
product may amount to from 11 to 12 parts. 

Oil of mustard is now also artificially .prepared by the action of 
potassium thiocyanate on allyl iodiie at 50'' — 60". This usually 
also contains the isomeric allyl thiocyanate.® 

^ Jotvm, Phann, v. 489. * Ih, zyii. 294. ’ Ih, zvii. 299 ; zzL 464. 

^ Ih. xxvi. 468. ® Ih. xxvi. 39. 

* Hubatka, Ann. Chtm. Pharm. xlvii. 153. 

7 Vollrath, Jahreab. 1871, 408, 

* Billeter, Ber^ Deutach. Chem, Oea. viii. 820, 
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Wertheim found that the mercuric chloride compound of oil 
of garlic when heated with potassium thiocyanate to 120® — 130® 
is converted into oil of mustard ; and vice versd, the latter is 
converted into oil of garlic when heated with potassium sulphide 
to 100®. 

The composition of oil of mustard was first exactly deter- 
mined by WilJ, who also completely investigated its derivatives. 

Properties . — Oil of mustard is a colourless, highly-refracting 
liquid, boiling at 150®7, and at 0® haying a specific gravity of 
1036. Its taste and smell are penetrating and pungent, causing 
a flow of tears, and it produces blisters on the skin, for which 
reason it is used in medicine as an excitant. On exposure to 
light it gradually becomes yellow, depositing a deep-yellow 
amorphous powder which contains nitrogen and sulphur and 
closely resembles pseudosulphocyanogen (Vol. I., p. 674). 

Robiquet and Bussy observed that when crude oil of mustard 
is heated for some time to 100® in a distillation-apparatus a 
light ethereal-smelling oil passes over.^ This was shown by 
Will to be crotonitril, C3H5.CN. It is formed by the action of 
water on oil of mustard, this substance losing sulphur. It 
occurs in commercial oil of mustard in varying quantities which 
may amount to as much as 50 per cenj.^ 

Chlorallylthiocarbimide, CS.NC3H4CI, is formed by heating 
epichlorhydrin with potassium thiocyanate and alcohol. It is 
a very pungent-smelling liquid boiling at 185®. The correspond- 
ing bromine compound boils at 200®.® 

Myronic Acid, OioHij^NSgOio. 

73 a This is scarcely known in the free state. Its potassium 
salt, as has been stated, is contained in the seeds of black mustard, 
and it was first obtained by Bussy. Other chemists did lUjt suc- 
ceed in preparing it, but its existence was corroborated by Ludwig 
and Lange,* and its formula ascertained by Will and Korner.® 

In order to prepare potassium myronate, black mustard pul- 
verised, but not fteed from oil by pressure, is heated to the 
boiling-point with alcohol ijtt* order to render the myrosin inac- 
tive. The dried and pressed residue is then extracted with 

' Ann. Chim. Phys. Ixxii. 328. 

^ Ann. Chem. Pharm. exxv. 278. 

* Hemy, Per. Dmtsch, Chetn, Oes. v. 1S8. 

^ •Zeitach. Pharm. iii. 403 and 677. 

® Ann. Chem. Pharm. exxv. 257. 
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cold water and the extract treated with barium carbonate and 
evaporated on a water-bath, the residue extracted with alcohol 
and the solution thus obtained allowed to evaporate, when 
potassium myronate, CioHjgKNSgOj^, separates out. This is 
purified by recrystallization from strong boiling alcohol, when 
the salt separates out in silky needles, whilst from an aqueous 
solution, in which it is much more readily soluble, it is deposited 
in the form of short, glassy, four-sided prisms, which are odour- 
less and have a cooling, bitter taste. When the concentrated 
solution is decomposed by tartaric acid and alcohol added, a 
solution of free myronic acid is obtained, but as yet the acid has 
not been ]fit*epared in the pure state. 

Myronic acid is also found in the seeds of Brassica mpa, whilst 
it does not occur in those of Brassica iiapus. If the meal of the 
latter be rubbed up with water, a peculiar smell, different from 
that of mustard-oil, is noticed, from which the occurrence of 
another sulphur compound is rendered probable.^ 

When a solution of myrosin or an extract of white mustard 
is added to an aqueous solution of the potassium salt, this latter 
decomposes into oil of mustard, acid potassium sulphate, and 
glucose : ' 

C,oH, 3 KNS, 0 ,o = AH5NS + HKSO, -h 

At the same time a part of the oil is converted into sulphur 
and crotonitril. 

When silver nitrate is added to a solution of potassium my- 
ronate a *white precipitate of C4H5NAg2S204 is thrown down 
and glucose remains in solution : 

C,oH,3KNS20,o + 2 AgN 03 = C 4 H,NAg 2 S 204 + + 

KNOj + HNO3. 

The silver compound is decomposed on heating it with water 
into silver sulphate and oil of mustard : 

C4H3NAg2S204 = C4H3NS + Ag2S04. 

In this case silver sulphide and crotonitril are also formed, 
and these products are also obtained together with free sulphur 
and- aulphuric acid by the action of Sulphuretted hydrogen. 
T^e institution of myronic acid is not known. 

7^3 SinalUn, C30H44N2S2O30. This compound, which is con- 
tained in white mustard seed (Sir^apis may here be mentioned 

^ Ritthausea, Joum. Prakt, Clicm. [2], xxiv. 278. 
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owing to its analogy to potassium myronate, although the pro- 
ducts of decomposition whieh it yields belong to another group 
which will be afterwards described. It has long been known 
that powdered white mustard when rubbed up with water 
possesses a sharp taste but evolves no smell. The substance 
from which this sharp-tasting compound is produced was isolated 
by Robiquet and Boutron/ but more accurately examined by 
Will, who gave to it the above name and proposed that the 
corresponding potassium myronate should be termed sinnigrin.^ 
This chemist, together with Laubenheimer, then investigated 
sinalbin more exactly.® In order to prepare it, the seeds, freed 
from the fatty oils by pressure, are dissolved in spirits of wine, 
and the crystalline mass which separates on cooling is dissolved 
in a small quantity of water. The filtered solution is precipitated 
by alcohol and the precipitate recrystallized from boiling spirit. 
Sinalbin is easily soluble in water, less so in alcohol, and crystal- 
lizes in small, pearly needles. Myrosin converts it in aqueous 
solution into sinalbin -mustard oil, acid sulphate of sinapine and 
glucose ; 

= C^H,O.NCS + C„H23N05.H,S0,+ 

Sinalbin-mustard-oil is an oily, non-volatile liquid, possessing 
an exceedingly sharp taste and producing blisters on the skin, 
though not acting so energetically as mustard-oil. As in the 
case with the latter compound it also easily loses sulphur, 
yielding the nitril of an oxyphenylacetic acid, CgH^(OH) 
CHa-COgH. 


CARBAMIDE COMPOUNDS OF ALLYL. 

734 Allyl Urea, CO.N 2 H 3 (G 3 Hp), is obtained by acting with 
aqueous ammonia on allyl carbimide ^ and also by boiling oxalyl- 
thiosinamine with a solution of silver nitrate.® It deposits in 
large prisms which are easily soluble in water and melt at 241“. 

Dmllyl Urea, CO(NH.C 3 H 5 ) 2 , was discovered in 1840 by 
Simon, who obtained it by acting with lead oxide and water 
on mustard oil, and terihed it sinapoline. It was afterwards 

* J<mm, Pharm, xvii. 279. 

* Wi^. Akad. Per. [2], Ixi. 178. 

* LUbig'a Ann, czeix. 150. 

^ Cahoiirs and Hofmann, Ann. Chem, Pharm, cii. 200. 

• « Maly, Zeitach, Cham, 1869, 261. 
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investigated by Will, who prepared it by boiling oil of mustard 
with baryta water : 

N(CS)C3H, + HP = N(C0)C3H3 + HP 

2 N(C 0 )C 3 H, + HP = C 0 (NH.C 3 H ,)2 h- CO 3 . 

Diallyl carbamide is also formed when allyl carbimide is 
heated with water (Cahours and Hofmann). It crystallizes from 
hot water in glistening saponaceous laminae, which melt at 100®. 
It has an alkaline reaction and volatilizes in a current of steam. 

AllyUthio^Lrea, CS.NgHgpgHg), was obtained in 1834 by 
Dumas and^ Pelouze by the action of ammonia on oil of mustard. 
It was then ‘examined by Will, who proposed for it the name of 
thio-sinaKnine in place of that which had been hitherto used, 
namely mustard-oil ammonia. In order to prepare it, oil of 
mustard is mixed with four volumes of aqueous ammonia, and 
ammonia gas passed in to saturation, when the thio-carbamide 
gradually crystallizes out. It forms glistening crystals which are 
tolerably soluble in water and easily soluble in alcohol, and melt 
at 74®. When given in moderate doses it produces palpitation 
and sleeplessness, ammonium thiocyanate being found in the 
urine.^ It acts as a weak base and resembles the other cjurba- 
mines in combining with salts. When bromine is add^%> its 
alcoholic solution the dibromide, C 4 H 3 N 2 SBr 2 , is form^ This 
crystallizes in six-sided prisms and contains one atom oi^romine 
much more intimately united than the other. It la^^verted* 
by treatment with moist silver chloride into chlorob|l|^ide, 
whilst freshly-precipitated silver oxide converts it r|h^ 
hydroxide, C 4 HgN 2 SBr(OH),® a syrup having an alkaline reactiph 
and a bitter taste. Thio-sinamine unites also with a molecule 
of iodine, and when cyanogen is passed into its alcoholic solution 
the following reaction takes place : 

/NH 2 CN /NH CizNH 

OS + I = C8 I 

NNHPgHg) CN \N(C3H5 )CziNH 

The compound thus obtained is deposited in golden-yellow 
scales, and on heating with dilute sulphuric acid is converted 
into oxalylthiosiTiamiTie, the imido-groups being replaced by 
oxygen. This crystallizes from hot water in lemon-yellow 
needles, melting at 89® — 90®. When warmed with a solution of 

' Wohler and Frehrichs, Ann. Chem. PAam. Ixv. 835. 

* Mab, ZeiUeh. Chem. 1867, 42. * ^ 
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silver nitrate, silver sulphide and allyl-oxyalyl-urea are formed. 
If however the nitrate be present in excess, silver oxalate and 
allyl-urea are produced (Maly). 

735 Allyl CyanamicU or Sinamine, CN.NH(C 3 H is obtained 
by heating, on a water-bath, thio-sinamine with freshly-pre- 
cipitated lead hydroxide. The residue is extracted with alcohol, 
and this on evaporation leaves a syrup from which, after some 
months, hard, glistening, monoclinic prisms separate, having the 
composition (C 4 HgN 2)2 + H^O. These melt at 100® with loss of 
water, yielding an imperfectly crystalline mass which quickly 
absorbs moisture from the air. The syrupy sinamipe contains 
less water than the crystalline hydrate. Sinamine possesses 
a powerfully-bitter taste, has a strong, alkaline reaction, 
decomposes ammonia salts, and combines with acids, though it 
does not form solid salts with the exception of the oxalate. It 
precipitates many metallic salts and combines wdth the chlorides 
of mercury and platinum (Will). According to Hofmann 
sinamine is probably triallyl cyamiramide, 

Ethyl Allyl Monothiocarlamate, CS(NH.C 3 Hr,)OC 2 H 5 , is formed 
by heating mustard-oil with alcohol. It is an alliaceous-smelling 
oil lulling at 210® — 215®.^ 

JSS^j^Bithiocarlamic Acid, CS(NH,C 3 lT 5 )SH. This acid, of 
which 1||ie salts only arc known, was termed by Will mustard-oil 
sulphu^ted hydrogen.® Its constitution was first determined 
by Qmjl^dt.^ The potassium salt, C^H^NSgK, is formed by 
addi^^ustard-oil to an alcoholic solution of potassium hydro- 
si^j^Eide until the smell disappears. It is then allowed to 
etraporate in a vacuum, when it deposits in large rhombic tables. 
If a solution of potassium sulphide be employed, the salt 
CS(NKC 3 Hr,)SK deposits as a white, granular precipitate. 
Other soluble hydrosulphides and sulphides give similar com- , 
pounds, and all these salts easily decompose with liberation of 
oil of mustard. 

Triethyl phosphosinamine, SCN(C 3 H 5 )P(C 2 H 5 ) 3 , is formed by 
the direct union of mustard-oil with triethyl phosphine. It 
crystallizes from ether in tables which are isomorphous with 
thiosinamine. They melt at 68® and decompose at a higher 
temperature into triethylpliosphine sulphide and allyl carbaminc.® 

^ Ber. Deuisch, Chem. Ges. ii. 603. 

^ Hofmann, Ber, Devtach, Chem, Ges, ii. 119. 

® Ann, Chem, Pkqrm, xcii. 69. * TraiU Ckim, Org, ii. 403. 

® Hofmann, Ann, Chem, Pharm, Suppl. i. 57 ; Ber, BetUsch, Chcm, Ges, iii. 
768. 
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THE ACRYE COMPOUNDS. 

736 Acrylald^hyde^ or Acrolein, OgH^O. It has long been known 
that when the fats are heated a liquid body is formed possessing an 
intensely pungent and very irritating smell. Buchner endeavoured 
to isolate it by distilling lard, and he thus obtained a very 
volatile liquid, and he states that a mouse placed for one 
minute in air containing some of the vapour of the com- 
pound died in fifteen minutes after taking it out.^ Hess, 
who prepared this compound from oil of hemp, concluded 
from certain reactions that it was aldehyde (lampic acid), and 
states that it is so volatile and attacks the eyes and organs of 
respiration so violently that any idea of working for a length of 
time upon the substance must be given up.^ Brandes, who 
prepared it from cocoa-nut oil and other fats, could not obtain it 
in the pure state.^ He gave some of his product to Berzelius, 
who ascertained that it is an aldehyde and termed it acrolein. 
Redtenbacher then noticed that this body is not the product of 
decomposition of the fatty acids but of fats, and is therefore to 
be regarded as a decomposition product of glycerol, and he 
pointed out that the production of this pungent substance might 
serve as the best proof that the fats contain glycerol. He also 
proved that it is impossible to prepare pure acrolein from 
the fats, but that it may be readily obtained in the pure 
state when glycerol is distilled with dehydrating agents such as 
phosphorus pentoxide, or acid potassium sulphate, and that it 
is the aldehyde of a monobasic acid to which he gave the name 
of acrylic acid.^ 

Acrolein is formed from glycerol by the removal of the 

CH„ 

il- 

OH + 2H.O. 

<!ho 

In order to prepare it, one part of anhydrous glycerol is 

' Gmelin, Handbook, ix. 365. ^ Ann, Chom, Pharm, xx. 9. . 

* Gmelin, toe, dt, * Ann, Chem, Pharm, xlvii. 113, 


elements of water : 


CH2.OH 


H.OH = 


H2.OH 
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distilled 'with two parts of acid potassium sulphate.^ To 
obtain it in the anhydrous condition, and to free it from acrylic 
acid, it is collected in a receiver containing calcium chloride 
and lead oxide and rectified over calcium chloride.^ Acrolein 
is also obtained in large quantity as a by-product in the pre- 
paration of oenanthol from castor-oil (Schorlemmer). It may 
likewise be prepared by the oxidation of allyl alcohol. 

Acryl aldehyde is a mobile, powerfully-refracting liquid, 
boiling at 52°*4, and having a vapour density of 1*897 (Redten- 
bacher). Its vapour attacks the mucous membranes of the 
nose and eyes in a frightful manner. Rcdtenbacher remarks : 
'' In a very highly diluted condition the smell is not altogether 
unpleasant, being somewhat ethereal, but a few tlrops of 
acrolein brought into a room soon bring the company to tears. 
It chiefly acts upon the eyes, the vapour producing a burning 
sensation and a copious flow of tears. The eyes remain red, 
without, however, other evil consequences ; but on repeated 
exposure to the action of acrolein, inflammation sets in, and this 
lasts for some days. The action cannot however be said to be a 
poisonous one, inasmuch as even although insensibility may 
be produced, no further effects are noticed. Its taste is a 
pungent and burning one.'' When exposed for some length 
of time to an atmosphere containing small quantities of the 
vapour of this body a peculiar feeling is experienced similar to 
that which is felt after indulgence in moderate quantities of 
alcohol (Schorlemmer). 

737 In the pure state it may be preserved without alteration, 
but in the impure condition it is soon converted into a white amor- 
phous body which is probably a polymeric modification, and has 
been termed disacryl. Caustic alkalis convert it into a resin, 
and alcoholic potash or sodium ethylate transforms it into 
monobasic amorphous hexacrolic acid, Ci 8 H 240 g, whose salts are 
amorphous.® Acrolein absorbs hydrochloric acid, a crystalline 
compound being formed to which Geuther and Cartmell gave 
the name of acrolein hydrochloride, CgH^ClO.* On oxidation it 
is converted into /8-chlorpropionic acid, and it is therefore the 
aldehyde of this substance.® It forms white silky needles, which 

^ Geuther and Cartmell, ib. cxii. 1 ; Geuther and Hiibner, ih, cxiv. 35 ; Clans, 
JScitsch, Chem, iv. 156. 

^ Aronstein, Ann, Chem, Pharm, Suppl. iii. 180. 

3 Claus, Ann, Ghent, Pharm, Suppl. ii. 117; Alsberg, Zeilsch, Chem, i. 39. 

^ Ann, Chem, Pham, cxii. 3. 

® Krestownikow, &r, Dcutech, Chmn, Gas, x. 1104. 
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have a faint rancid smell, are insoluble in water, but diisolve in 
alcohol. On heating with caustic potash it yields'^a polymeride 
of acrolein termed metacrolein. This is slightly soluble in hot 
water, but dissolves in alcohol, and crystallizes in long needles 
which melt at 5Q** and have a peculiar aromatic smell and a 
cooling and afterwards burning taste. On distillation it decom- 
poses with partial re-formation of aciblein, and it is also con- 
verted into this substance by heating with aqueous hydrochloric 
acid, whilst it unites the gaseous acid forming chlorpropion- 
aldehyde. Phosphorus pentachloride acting on the latter com- 
pound yields. )8-chlorpropidene chloride, CHgCLCHg-CHClg, a 
liquid boiling at 146® — 148®. It can also be obtained in a 
similar way, together with other products, from acrolein.^ When, 
however, hydrochloric acid acts on an alcoholic solution of 
acrolein, diethyl chlorhydrin is formed,^ and when heated with 
alcohol and acetic acid, propenylethyl ether is produced (Alsberg) : 


CH^ 

1 1 

CH + SHO.CoHs 

I 

CHO 


CH,.OC,H, 

CH-OCgHg + HjO. 
ina-OCijITs 


Some doubt has, however, been lately thrown upon the last 
statement.^ 

Acrolein is reduced in presence of zinc and hydrochloric acid to 
allyl alcohol and acropinacone, CH 2 ZzCH(OH).CH(OH).CHi~ 
CHg; this latter body is a camphor-like liquid boiling at 160° — 180® 
(Linnemann). Acrolein absorbs oxygen on exposure to air and is 
Converted into acrylic acid, a body which is also obtained by the 
action of silver oxide or an ammoniacal silver solution, with 
deposition of a silver mirror, though it is not obtained when 
more violent oxidizing agents are employed, such as dilute nitric 
acid, which yields glycollic acid and oxalic acid.^ 

If ammonia gas be led into an ethereal solution of acrolein,® or 
if acrolein be dissolved in concentrated amuionia,® an amor- 
phous body termed acrolein ammonia is formed, which has the 
formula 2(0^112^0) + HgO, This is insoluble in cold alcohol 
knd ether, and combines with acids to form amorphous salts. 

^ Van Romburgh, BtilL Soc, Chim. xxxvi. 459 ; xxxvii. 98. 

^ Alsberg, Jahreab. 1864, 495. 

* Tawildarow, Ber, BeiUach, Oli-em, Gca. xii. 1487. 

* Claus, Ann. Chem. Phemn. Suppl. ii. 118. 

® Redtenbacher ; Hiibner and Geuther. ^ 

* Clans, Ann, Chem. Pkarm, exxx. 185. 
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It ther^Ibre probably belongs to the family of the aldines (p. 75). 
It decomposed, on distillation, and amongst the products 
CqH^N, is found/ a body occurring in animal 6ils. 


Allidene Compounds. 


738 like other aldehydes acrolein acts in certain respects as the 
oxide of a dyad radical termed allidene^ C3II4. The following 
compounds are known belonging to the series. They are obtained 
in a similar way to the ethideno compounds® (see p. 67). 


•• 

B.P. 


Allidene diethyl ether, 
or Acrolein acetal. 


roc,H, 

140“— 14-5" 

Allidene dichloride. 

C»H,] 

fCl 

|C1 

85“ 

Allidene chlorethylatc. 


fCl 

lOCA 

115“— 120“ 

Allidene diacetate. 

C,B,. 

f OCjHjO 

(OC^HP 

00 

0 

0 


Sodium SulphallideTie-Sulphite, or S^dpJmerolein Potassium 
Sulphite, C3H5(0H)(S03Na)2. This compound is obtained 
by adding acrolein to a concentrated solution of acid sodium 
sulphite until its smell disappears. The compound has the 
following constitution ; 


CH, 


A 

r\ 


H.S02.0Na 




Alcohol precipitates it as a gummy mass, solidifying to a wart- 
]ike solid. Acids liberate from it sulphur dioxide but no acro- 
lein, and an ammoniacal solution of barium chloride precipitates 
barium sulphite, whilst the solution contains the sodium salt of 
a-sulphopropionaldehyde, CH3.CH(S03H).CH0. On oxidation 
with silver oxide it is converted into a-sulphopropionic acid, a 
body which is also obtained by the action of fuming sulphuric 
acid on propionitril. Sodium amalgam added to its solution 
forms oxypropane-s^clphonic acid, 0H3CH(S03H).CH2.0H. This 
^ Baeyer,. ib, civ. 288. 

^ Httbner and Gontlier ; Aronshelm ; van Romburgh. 
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is also obtained by the action of sulphur trioxide pw propyl 
alcohol, and its potassium salt is easily produce^d by heating 
allyl alcohol with a concentrated solution* of^ acid potassium 
sulphite. It forms white, pearly needles.^ 


Acrylic Acid, CgH^Ojj. 

739 This acid was obtained by Redtenbacher by heating im- 
pure acrolein with silver oxide, purifying the silver salt thus 
obtained, and then decomposing this with sulphuretted hydro- 
gen. According to Claus the best method of preparation is 
to place the freshly precipitated oxide in a flack provided 
with inverted condenser, and gradually to add a solution of 
1 part of acrolein in 3 parts of water, the operation being 
conducted in the dark. After the reaction is complete the whole 
is warmed to the boiling point, and sodium carbonate added to 
alkaline reaction, the filtrate evaporated, and the residue dis- 
tilled with sulphuric acid. To prepare the anhydrous acid, the 
pure lead salt is mixed with sand and decomposed at 170° in a 
current of sulphuretted hydrogen.^ 

Acrylic acid is also easily obtained by intimately mixing 
)8-iodopropionic acid with the equivalent quantity of lead oxide, 
covering the mixture with lead oxide and distilling.® It is like- 
wise produced when )8-iodopropionic acid is treated with an 
filcoholic solution of caustic potash,^ as well as by the action of 
,^nG and dilute sulphuric acid on /8-dibrompropionic acid,® and 
also by the distillation of the salts of hydracrylic acid.® 

It is a liquid possessing a pungent, acid smell, boiling at 140°, 
and solidifying at low temperatures to crystals which melt 
between 7° and 8°.^ When boiled with zinc and dilute sulphuric 
acid, or treated with water and sodium amalgam, it is converted 
into propionic acid.® Fused with caustic potash it yields acetic 
and formic acids : ® 

CH 2 ZZCH.CO 2 K + KOH -h H.,0=CH0.0K + CH^.COoK + H^. 

* M. Muller, Ber, Deutsch, Chem. Ges, vi. 1441, 

® Ann, Chem, Pharm, Suppl. ii. 123. 

* Wislicenus, ih. clxvi. 2. 

^ Erlenmeycr and Schneider, Ber, Deutseh, Chem, 6es, iii. 339. 

* Oaspary and Tollens, Ann, Chem. Pharm. clxvii. 241. 

^ Belfstein, iJb. exxii. 872. 

Linnemann, Ann, Chem, Pharm, clxxi. 204. 

® Ib, exxv. 3^7. ® Erlenmeyer, ib, cxci. 876. 
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It 4 ^ 2 ikbines with bromine to form i 8 *dibrompropionic acid, 
with hydriodick acid to form ) 8 -iodopropionic acid,^ and with 
hypbchlorous acid' to form chlorolactic acid.®* When hydro- 
chloric acid is led into its alcoholic solution the ethyl salt of 
^■chlorpropionio acid is formed.® 

. Potassium dcrylaie, C 3 H 3 O 2 K, forms deliquescent needles. 
Sodium acryla^Sy CgHgOgNa, crystallizes in microscopic needles, 
'difficultly soluble in absolute alcohol but easily soluble in strong 
spirit.* Calcium acrylate, forms thick needles 

which easily lose acid. Ziuc acrylate, (CgHgO^laZn, crystallizes 
in glistening scales. Lead aci^ylate, (C 3 H 302 ) 2 Pb, is . a very 
characteristic salt, and crystallizes from water in ’"glistening 
needles soWble in alcohol. Silmr acrylate, CgHgOgAg, is a 
curdy precipitate, and crystallizes from hot water in needles or 
prisms. 

Ethereal Salts of Acrylic Acid. Of these the following have 
been prepared by Caspary and Tollens,® by acting with zinc 
and sulphuric acid upon the corresponding compounds of 
/ 8 -dibrompropionic acid ; 

B.P. 

Methyl acrylate, 80® — 85® 

Ethyl acrylate, 101® — 102® 

Allyl acrylate, 119® — 124® 


Substitution-Products of Acrylic Acid. 

r 

740 These have been obtained from the dichlor- and 3ibrom- 
propionic acids and from the trisubstituted lactic acids 

M.P. B.P 

® a-Chloracrylic acid, 

CHgZzCCLCOgH Liquid. — 176®-18i; 

^ y 8 -Chloracrylic acid, 

CHC 1 =CH.C 02 H Plates. 84®-85® — 

® a-Dichloracrylic acid, 

CgHgCIgOg Rhombic prisms. 83®-86® — 

^ Wislicemis, ih. clxvi. 1. 

® Melikow, Ber. Dmtseh. Ch&ni. Ges. xii. 2227. 

3 Linnemann, Ann. Chem. Pharm. clxiiL 96. 

* V. Zotta, Ann. Ghent. Pham, cxeii. lO.'S 
® Ann. Chem. Pharm. clxvii. 241. 

® Beckurts aiid Otto, Ber. Dcutach. Clwnt. Oes. x. 1948. 

^ Pinner, Aim, Chem. Phann. clxxix. 85 ; Wallach, 45. cxciii. 28 ; cciii. 94 ; 
IVerigoand Melikow, Ber. DeiUech. Chem. Oes. x. 1499. 

* Jennet and Hill, Ber. Deviseh. Ch&m. Oes. xii. 656. 
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M.P. B.P. 

^ /S-Dichloracrylic acid, 

CjHjClgOj , Monoclinic prisms. 76®-77® — 

® a-Bromacrylic agid, . 

CHjZjCBr.COgH Rectangular tebles. 69®-71® — 

* / 8 -Bromacrylic a(;id, 

CHBr=iCH.C 02 H Needles. ^116;4l6V‘ — 

^ Dibromacrylic acid, 

CjHgBr^Og Rhombic prisms. 85-816® 248-260® 

/ 8 -Bromacrylic acid and its ethyl salt easily undergo inver- 
sion into amorphous bodies possessing the formula 
and termOd acryl colloids. They are insoluble in' wat 6 r/;^l^t 
swell up with this liquid to form a gelatinous mass.^ ^ 

CROTYL COMPOUNDS. 

741 Crotyl Alcohol, CH 3 CH~CH.CH 20 H, is formed together 
with butyraldehyde and normal butyl alcohol when croton- 
aldehyde (p. 403) or butyl chloral (p. 166) is treated with 
iron filings and acetic acid. It is also obtained together with 
carbon dioxide and formic acid by heating butenyl alcohol 
(p. 377) with oxalic acid. It is a pungent-smjelling liquid 
boiling at 118® to 120 ®, and is converted by hydriodic acid into 
secondary butyl iodide. 

Crotyl Iodide, C^H^I, is obtained by acting with iodine and 
phosphorus upon butenyl alcohol. It boils at 131® — 133®, 
smells ^ke allyl iodide, and like this body forms a crystalline 
compound with mercury.® 

IsocTotyl Mustard Oil, (CH3)2CirCH.N.CS. When iso- 
butylene dibromide is heated with ammonia, isocrotylamine, 
(CH 0 «CZZCH.NH 2 , a body boiling at 75® — 78® is formed, 
together with isobutylene diamine, and the former body is 
converted into isocroiyl thwcarhimide by treatment with carbon 
disulphide and distillation of the product with corrosive sub- 
limate. This body is a liquid smelling like mustard oil, boiling 
at 179®, and yielding when treated with ammonia a thio-urea 
resembling thio-sinamine (p. 394) but melting at 85®.® 

' Wallach, loe, cU. 

* Wiumer and Tollens, Ann, Chm, PhamL clxxi. 340 ; Wallach, loe. eU. 

* W^ach, 

^ Jackson and Hill, Ber. Deutseh, Chm. Oes. xi. 1673; Hill, i6. zii. 660; 
Petri, Ann. Chm. Pharm. cxcv. 70. ^ 

* Lieben and Zeisel, Monatsh. Chm. i. 318, 840. 

* Hofmann, B&r. BevUseh. Chm, Gee. vii. 616 ; zii. 992. 
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The Orotonic Acids, C^HgOj. 

74 a In 1858 Schlieppe gave the name of crotonic acid to an 
oily liquid- yrhich he obtained from croton oil {Croton tiglium)} 
Other chemists, liowever, were not able to obtain this again.^ It 
probably does not always occur in the oil, and perhaps is identical 
with the ) 9 ^rotonic acid, mentioned below. The name crotonic 
acid \rtLSji however, retained to designate the solid acid which 
wgp jpbtained from the nitril and aldehyde, now to be /Inscribed. 

a^Crotonaidehyde, By heating acetaldehyde with 

certain saline solutions, Lieben obtained a liquid possessing the 

above composition, to which he gave the name of aldehyde-ether ; * 
whilst Bauer found that a very pungent smelling liquid is obtained 
by the action of zinc chloride on aldehyde, and he considered 
this to be a polymeric modification, and termed it acraldehyde.^ 
Eekul 6 then showed that these two bodies are identical, and 
that they are crotonaldehyde,® giving the following equation for 
its formation : 

CHO.CH3 OH.CH3 

- II + HoO. 

CH3.CHO CH.CHO 

It is probable that aldol (p. 168) is firstjformed, and that this 
then decomposes into water and crotonaldehyde. The latter 
compound is also formed when acetylene, CgHg, is dissoTved in 
cencentrated sulphuric acid, and the liquid distilled with water.® 
Berthelot considered the body thus obtained to be vinyl alcohol, 
CgHg,©!!. Instead of acetylene, bromethylene may also be em- 
ployed.^ Crotonaldehyde also occurs in the products of distillation 
of crude spirit.® In order to prepare it, pure aldehyde is heated with 
a small quantity of zinc chloride and a fe w drops of water for one 
or two days to 100®. The unaltered acetaldehyde is distilled off 
and the crotonaldehyde obtained from the residue by distillation 
with water (Kekul^). It is also easily obtained when ten volumes 

^ Ann, Chem. Pharm. cv. 24. 

* Geatlier, ^eitseh, Chem. 1870, 26 ; Geuther and FrOhlich, ib, 649. 

' ’ Ann, Chem, Pharm, Suppl. i. 117. 

4 Ih, czvii. 142. » ]h. dxii. 92, 809. 

e La^ermark and Eltekow, Ber, DeiUach, Chem, Oes, x. 637 ; xii. 698, 

^ Zoisel, Lieheffa AntL cxci. 869. 

* Eittmer and Pinner, Ber, Beutach, Chem, Oea, iii. 76. 
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of acetaldehyde are heated for twenty-four hours to 100'’ with 
one volume of concentrated solution of sodium acetate and the 
product fractioDiated.^ It may also be readily prepared by dis- 
tilling aldol under the ordinary atmospheric pressure.® 

Crotonaldehyde is a mobile liquid possessing at first a fruit- 
like, but afterwards a very pungent smelL It boils ^ 104® — 
105®, and at 0® has a specific gravity of 1'033. It combines 
with hydrochloric acid to form /9-chlorbutyraldehyde. On ex- 
posure to air or in contact with silver oxide it yields a-cfotonic 
acid. 

Orotonitril, O4H5N, is formed by the action of water on 
mustard-oil, and it is often contained in this substance in large 
quantity. It is also easily formed by heating allyl iodide 
with potassium cyanide.® If, however, allyl chloride be brought 
in contact with potassium cyanide and alcohol, the nitril of 
)8-ethoxybutyric acid is formed, a liquid boiling at 173® — 174®.^ 

Crotonitril is an unpleasantly alliaceous-smelling liquid, 
boiling at 119®, and at 0® having a specific gravity of 0*8491. 
It is converted by hydrochloric acid into /8-chlorbutyric acid 
(Pinner). 

743 a-Crotonic Acid, CH3.CHziCH.CO2H. This compound, 
which is also termed solid crotonic acid, was obtained by Will 
and Korner by heating its nitril with alcoholic potash.® It 
likewise is formed by distilling ^-oxybutyric acid,® or by heating 
alcoholic potash with ^-chlorbutyric ^ or with the ethyl salt of 
a-brombutyric acid.® It is also a constituent of crude pyrolig- 
neous acid.® It dissolves in 12 parts of cold water, more easily 
in boiling water, and crystallizes from this on cooling in fine 
woolly needles, whilst on slow evaporation, its solution deposits 
large monoclinic prisms, melting at 72®, and easily subliming in 
tablets. Its smell resembles that of butyric acid, and it boils 
at 189®. When treated with sodium amalgam and water it 
remains unaltered, but, on the other hand, it combines with 
hydrobromic and hydriodic acids to form substituted butyric 


1 Lieben and Zeisel, Monatah. Cfiem, L 820. 

* Newburg, Comptes Bendua, xcii. 196. 

* dans, Ann. Cham, Pharm. cxxxi. 68 ; Rinne and Tollons, ih. clix. 106. 
^ Rinne, Deut^h, Cham. Oea, vi. 889 ; Pinner, ib, xii. 2053. 

* Ann. Cham. Pharm. cxxr. 272 ; Clans, cxxxi. 58. 

* Wislicenus, Zeitaeh. Cham. 1869, 326. 

Bolbiano, Bar. Dautaeh. Cham. Oea. xi. 348, 

^ Hell and Xauber, 1 * 6 . Tii. 660. ^ 

* Krftmer, Bar, Devdsch, Cham, Oea. xi. 1366. 
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acids, which are converted in presence of nascent hydrogen into 
normal butyric acid.^ On oxidation with chromic acid, it yields 
acetaldehyde and acetic acid. This decompositidh, as well as its 
formation from aldehyde, leave no doubt concerning its con- 
stitution. On the other hand, we should expect, from its 
synthesis from allyl iodide, that its formula would be OHg— 
CH.CH2.CO2H. Only one acid of this constitution is known, 
namely yS-crotonic acid, which will be described further on. 
This is easily converted on heating into the a-compound, and 
the same is probably also the case with the nitril, which is 
doubtless first formed from mustard-oil or allyl iodide, and in 
favour of this view is the fact that crotonitril yields acetic acid 
on oxidation, whilst this acid is not obtained in the same way 
from the allyl compounds.® Its constitution, therefore, must be 
CHg.CH— CH.CN. On the other hand, Pinner gives to it the 
following constitution, CHg— CH.CH2.CN, and assumes that by 
the action of hydrochloric acid or caustic potash, )S-crotonic 
acid is first formed, and that this, by the action of hydro- 
chloric acid or water, combines to form yS-chlorpropionic acid, 
CH3.CHCl.CH2.CO2H, or ^-oxybutyric acid, CH3.CH(OH).CH2. 
COgH, which then decompose further with formation of 
a-chlorcrotonic acid. 

a-ChlorcTotonic Acid, CH3.OH— CCI.COgH, is formed when 
trichlorbutyric acid is treated with zinc and hydrochloric acid,® 
or with zinc-dust and water, ^ or when butyl chloral (p. 166) is 
boiled with a solution of yellow prussiate of potash.® It crystal- 
lizes in long needles, melting at 12®*5, and dissolves in 49‘8. 
parts of water ; the solution producing blisters when brought bn 
to the skin. The acid melts at 97°*5,® boils at 212®, and com- 
bines with nascent hydrogen to form a-crotonic acid. 

744 fi-Crotonic Add, CHg— CH.CH2.CO2H. This compound, 
which was first described by Geuther, is sometimes termed 
liquid crotonic acid or isocrotonic acid ; it was obtained by him 
from acetacetic ether.^ If this be treated with an excess of 
phosphorus pentachloride, the chlorides of two crotonic acids 
are formed. If these be decomposed by water and distilled, the 

^ Hemilian, Ann. Chem. Pharm, clxxiv. 324 ; Alberti, Ber. Deutsch, Chem, 
Oes. iic. 1195. 

^ Kekule and Rinne, Ber. Deutsch, Chem, Ges. vi. 386. 

* Kr&merand Pinner, Ann. Chem. Pharm, clviii. 37. 

* Sarnow, Ann, Chem. PAarm. clxiv. 93. 

^ Wallach, Ber. Deutsch. Chem, Oes. z. 1530. 

* Kahlbanm, ib. xii. %33S. 

^ Frohlich and Geuther, Zeiiseh, Chem. 1869, 270 ; Geuther, ib, 1871, 242. 
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first distillate contains cUorisocTotonic add, CH2^CC1.CH2.C02H> 
and the second, fi-chlorcrotonic add, or chlortetracrylic add, 
CH8.CC1— ClfeCOgH, crystallizing in monoclinic prisms or 
needles, melting at 94® — 94®*6, and at 12®’5 dissolving in 44*4 
parts of water (Kahlbaum). It boils at 206® — 211®, and is 
converted by sodium amalgam and water into o-crotonic acid. 
The chlorisocrotonic acid melts at 59®'5 and crystallizes 
from water in four-sided prisms having oblique terminal faces. 
It boils at 194®'8, but volatilizes easily at the ordinary tem- 
perature, and it dissolves at 7® in 79 parts of water. It is 
converted^ by sodium amalgam and water into isocrotonic 
acid, a liquid having a pungent smell resembling butyric acid. 
This is miscible in every proportion with water, does not 
solidify at —15®, and boils at 171®‘9, a large portion of it 
passing into solid crotonic acid. This change takes place more 
completely when it is heated to 180® in a closed tube.^ This 
same substance is also formed when isocrotonjp acid combines 
with hydrobromic acid, and the brombutyric acid thus formed 
is decomposed by alkalis. The latter acid, but not isocrotonic 
acid, combines with nascent hydrogen to form butyric acid. 
Isocrotonic acid occurs also in crude pyroligneous acid (Kramer 
and Grodski). 

745 Methacrylic add, Qg^^C.COjH. The ethyl salt of this 

acid was obtained by Frankland and Duppa by heating ethyl 
oxyisobutyrate with phosphorus trichloride. It is a mobile liquid 
which has an unpleasant smell of mouldy fungus. It is easily 
decomposed by alcoholic potash, and from the potassium salt 
thus obtained methacrylic acid is readily got by distillation with 
sulphuric acid.^ This same compound is also formed, together 
with large quantities of oxyisobutyric acid, when bromisobutyric 
acid is heated with 20 parts of water.^ It is best, however, 
prepared by boiling citrabrompyrotartaric acid, C 3 H 5 Br(C 02 H) 2 , 
a body to be described under citric acid, with carbonate of soda 
solution.^ It is found also in small quantity as an ethereal salt 
in Boman cumin oil.^ It is tolerably soluble in water and 
crystallizes in long prisms which melt at 16® and boil at 160®'5. 
It combines with nascent hydrogen to form isobutyric acid^ and 

* Hemilian, Ann, Ghent, Phamt, clzziv. 322, 

, * Jount, Chem, Soe, xviii. 139, 

• Thomsen, Amt, Chem, Pharm, cc. 86. 

. * Fittigr and Landolt, ib, clzzzviii. 81. ” Kopp, ib, cxev. 82. 
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on fusion with caustic potash decomposes into formic and pro- 
pionic acids. When heated to 130® it is converted into a poly- 
meric modification, which is also formed when the aoid is allowed 
to remain in contact with hydrochloric acid, and gradually when 
it is kept in a closed vessel. This is a porcelain-like mass, 
which is insoluble in all indifferent solvents. It gelatinizes in 
water, forming a transparent thick liquid from which a white 
stringy mass separates out on heating. It dissolves slowly in 
ammonia, and from this solution calcium chloride or barium 
chloride precipitates an elastic gummy mass, which on heating 
with water becomes hard, but on cooling again assumes an 
elastic condition. It is scarcely attacked by fuming’ nitric acid, 
concentrated sulphuric acid, or by caustic potash, and is decom- 
posed above 300® without forming methacrylic acid.^ 


ACIDS HAVING THE COMPOSITION, C^HgO*. 

Angelic Acid, C^HgO^, 

746 This acid was discovered by Buchner in the roots of An- 
gelica archangelica? and investigated more completely by Meyer 
and Zeuner, who found that the roots also contain valeric acid.® 
Angelic acid is also found in large quantities in the sumbul- or 
moschus- root ^ {Enranginm sumhul), a plant growing largely in 
Turkistan and on the Amur, and the roots of which have been 
long used as an excitant. Gerhardt found that angelic acid can be 
easily obtained when the Roman oil of cumin {Anthemis nobilia) 
is treated with alcoholic potash, and he believed that the oil 
contained the aldehyde of angelic acid, which, however, he did 
not succeed in isolating.® Demargay, in another investigation 
of this oil, came to quite other conclusions. According to him, 
it is essentially a mixture of valeric acid and the angelic salts of 
butyl and amyl.® That it does contain ethereal salts has been 
shown also by Eobig ; no valerate is, however, contained in it, 

* Engelhom, Liebigs Ann, cc. 70. ■ Amu Chem. Pharm. xlii. 226. 

* Ann, Chem. Pharm, Iv. 317. 

* Rcinsch, Jahrb, pr, Pharm, vii. 79; Reinsch and Hopf, ib, zi. 217 ; Rcinsch 
and Ricker, ib, xvi. 12. 

® Ann, Chem. Pharm, Ixvi. 235. ® Compt, Jtend, lzxvii^860. 
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but an ethereal salt of an acid, tiglic acid, isomeric with angelic 
acid.^ By fractional distillation he obtained the following : 

B.P. 

Tsobutyl isobutyrate, 147* — 148® 

Isobutyl angelate, 177 — 177®*5 

4myl angelate, CgHyOgCCgHn) 200® — 201° 

#^inyl tiglate, C5Hy02(C5Hii) 204° — 205° 

Of these the isobutyrate is contained only in small quantity. 
In addition to these the oil contains tiglates and angelates of an 
hexyl alcohol, which cannot be distilled without decomposition, 
and of anthemol, CioHj 5 (OH). 

In order to prepare angelic acid, 100 grams of Roman oil of 
cumin is distilled in a water-bath with a reversed condenser 
with 200 grams of ordinary alcohol and 56 grams of caustic 
potash for eight to ten hours. The licpiicl is then distilled off, 
water added to the residue, and the whole again distilled, in 
order to remove hydrocarbons, the liquid acidified with sulphuric 
acid, and the distillation again continued until no further acid 
comes over. The oil w^hich swims upon the top is removed, and 
the acid distillates which follow neutralized with carbonate of 
soda, the solution evaporated, and the residue decomposed with 
sulphuric acid, when again an oil separates out which is united 
with the first pprtion. By fractional distillation the acid may 
be partly separated,^ but a quicker method is to collect the 
fractions boiling between 181° and 195® and convert those into 
the calcium salt. The cold saturated solution on warming to 
60° — 70° deposits calcium angelate, which may be purified by a 
repetition of this process.® 

Angelic acid is difficultly soluble in cold, but readily soluble 
in hot water, and crystallizes in long monoclinic prisms, which 
have an aromatic smell and melt at 44° — 44°’5. It boils at 
185°, and when boiled for some time, as well as when heated 
with sulphuric acid to 100°, is converted into tiglic acid. On 
fusion with caustic potash it decomposes into acetic and pro- 
pionic acids, and it combines with bromine and hydrobromic 
acid to form brominated valeric acids. Sodium amalgam and 
water do not alter it, but when heated with hydriodic acid and 
red phosphorus to 180° — ^^200° it is converted into a valeric acM,* 

^ Liehis^s Ann. cxcv, 92, ^ Liebigs Ann. exoy. St. 

* Pagenstecher, Liebig's Ann^ cxcv. 108. . . 

^ Aschezy Ber, Deuts^, Chem. Ges, ii. 685. 
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which according to Schmidt is methyl-ethyl -acetic acid. If the 
dibrom- valeric acid be heated with sodium amalgam and water 
the bromine is removed, but instead of angelic acid Its isomeride 
tiglic acid is formed. The change from angelic to tiglic acid 
also takes place slowly, simply on keeping the first-named acid.^ 
Calcium Angelate^ (C5H7O2)20a-h2H2O, dissolves, as has been 
stated, more readily in cold than in hot water, and the solution 
saturated at 17®*6 contains 23 parts of the anhydrous saR’J but 
when heated to 35° — 40^ splendid glistening long needle-shaped 
crystals separate out, the quantity increasing with the rise of 
temperature, so that at 60° — 70° a thick crystalline semi-solid 
mass is formed, and if the experiment be carried out & a closed 
tube the whole dissolves again completely on cooling (Kopp). 


747 Tiglic Acid, CgHa02, 

was first prepared by Frankland and Duppa by the action of 
phosphorus trichloride upon ethyl metho-ethoxalate.^ It was 
termed by them methyl-crotonic a>cid, Geuther and Frohlich ® 
obtained an acid of this composition from croton oil {Croton 
tiglium), which contained, together with the glyceride of this 
acid, those of other volatile and non-volatile acids. This acid 
they considered to be identical with methyl-crotonic acid, and 
the correctness of this supposition was proved by Schmidt and 
Berendes.^ It is also obtained by the distillation of a-methyl- 
^-oxybutyric acid, CH 3 .CH( 0 H).CH(CH 3 ).C 02 H « or when 
this acid is heated with concentrated hydriodic acid.® It is, 
however, best prepared, together with angelic acid, from Boman 
cumin-oil. Tiglic acid dissolves with some difficulty in cold, but 
readily in hot water, and crystallizes in triclinic tables or prisms, 
which melt at 64°‘5, whilst a mixture of this aci4 with somewhat 
more than a molecular proportion of angelic acid is liquid at 
the ordinary temperature. It possesses an aromatic smell re- 
sembling that of benzoic acid, and boils at 198°*§, yielding a 
vapour which causes violent coughing. When heated with 
iodine and phosphorus to 160° it is transformed into methyl- 
ethyl-acetic acid, whilst treated with bromine and hydrobromic 

^ Schmidt, Ann, Chem, Pharm, coyiii. 249 

^ Ann. Chem, Phernn, cxxxvi. 9. ^ ZeUsch, Chem, 1870, 459. 

^ Ann. Chem. Phnme,, cxci. 94. 

® Rohrbeck, clxxxviii. 235. « Riicker, ih, cci. 61. 
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acid it yields the same products as does angelic acid, and like 
this latter acid it yields acetic and propionic acids on fusing 
\vith caustic potash. 

Calcium Tiglate, + SHgO, is more difficultly 

soluble in cold water than calcium angelate, 100 parts of the 
solution saturated at 17° containing 6 05 parts of the anhydrous 
salt. It is much more soluble in hot water, and crystallizes on 
cooling in white plates (Kopp). 

The several reactions by which tiglic acid is formed leave no 
doubt as to its constitution, but that of angelic acid has not yet 
been definitely fixed. That angelic acid yields the same reac- 
tions as tiglic acid does with bromine, hydrobromic acid, hydriodic 
acid, &c., is explained by the fact that it is readily converted 
into this latter acid. It, therefore, seems probable that the two 
acids stand to one another in the same relation as the two 
crotonic acids do. The following formula3 would then represent 
their constitution : 

Angelic Acid. Tiglic Acid. 

CH2z:C(CH3)CH2.C02H. CH3.CH=:0(CH3)C02H. 

748 Tifjlicaldehyde, C^HgO. Deville, in 1843, found amongst 
the products of the dry distillation of guiacum resin, a liquid 
of the above composition to which he gave the name of guajacen, 
adding that when exposed to the air this liquid absorbed oxygen, 
being converted into a body crystallizing in fine plates.^ This 
body, which was afterwards known as guajol, was considered by 
Gerhardt^ to be angelicaldehyde, but Hlasiwetz and v. Gilm® 
disproved this supposition, since on fusing with caustic potash 
it yielded no angelic acid. That guajol is the aldehyde of 
tiglic acid was then recognized by Herzing, who showed that 
the crystals produced by the absorption of oxygen when the 
liquid is exposed to the atmosphere, are those of tiglic acid.^ 

Tiglicaldehyde has also been prepared by Lieben and Zeisel 
by the condensation of a mixture of acetaldehyde and propion- 
hyde.* It is a liquid boiling at about 118°, having a sweet, burning 
taste and a narcotic smell resembling that of bitter almonds. 

Allyl-acetic Add, CHg— CH.CH2.CH2.CO2H. The ethyl 
salt of this acid is obtained when allyl acetacetate is heated 
with dry sodium ethylate to 150° — 160°.® The acid prepared 

^ Compt, Rtnd, xvii. 1143 ; xiz. 134. ^ ih, xxvi, 226. . 

* Ann, Chem, Pharm. vi. 379. * MonaUch, Chm, iii. 118. 

* Ber. Dmtack, Chem, Oea. xiv. 932. • 

* Zeidler, Ann, Chm, Pharm, clxxxvii. 39. 
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from this is an oily liquid boiling at 187® — 189®,^ possessing 
an odour resembling that of valeric acid. It is also formed by 
heating allyl-malonic acid.® Dilute nitric acid oxidizes it to 
succinic acid. Its calcium salt, (C 5 H 702 ) 2 Ca -f 2 H 2 O, forms 
pearly glistening plates which dissolve readily in water. 

Dimethyl-acrylic Acid, (CHg^gC—CH-COgH, was first obtained 
by Semljanizin and Saytzew by the action of phosphorus tri- 
chloride on ) 9 -oxyvaleric acid, and supposed to be angelic acid.® 
Miller then obtained it by distilling the oxyacid with dilute 
sulphuric acid.^ It is readily soluble in water and forms 
monoclinic prisms which melt at 69®‘5 — 70®. 


ALCOHOLS HAVING THE FORMULA 

Only secondary and tertiary alcohols of this group are known. 

749 Methyl-isocrotyl Carhinol or Bntallyl-methyl Carhinol, 
CHg— CH.CH 2 .CH 2 .CH( 0 H).CH 3 . By the action of allyl iodide 
on ethysodacetacetate, ethyl-allyl-acetacetate, CH 3 .CO.CH(C 3 H 5 ) 
COg-C^g, is obtained, a liquid boiling at 206® and yielding a 
beautiful crimson-red colour with ferric chloride. Alcoholic 
potash decomposes this with formation of allyl-acetic acid (p. 410), 
and allyl-acetom or methyl-isocrotyl ketone, CHg— CH.CH2.CH2. 
CO.CHg, which boils at 128® — 130®, and has a characteristic 
unpleasant smell.® When this is mixed with water and ether, 
and sodium gradually added, the secondary alcohol is formed ; 
this boils at 138® — 139®, has at 16® a specific gravity of 0*842, 
and possesses a characteristic sweet smell somewhat resembling 
that of allyl alcohol. On heating' with acetic anhydride the 
acetate is formed, boiling at 147® — 149®.® The compound 
described as diallyl hydrate, whose formation is referred to 
under diallyl, is doubtless identical with the secondary alcohol. 

Dimethyl-allyl Carhinol, C 3 H 5 .C(CH 3 ) 20 H. To prepare this 
compound, a mixture of equal molecules of acetone and allyl 

^ Messerschmidt, ih, ccviii. 92. 

3 Conrad and Bischoff, Ann, Chem, Pkarm. cciv. 170. 

* Licb, Ann, cxcvii. 73. * Ib, cc. 261. 

” Zeidler, LiAt, Ann, clxxxvii. 30. 

^ J. K. Crow^ LUib, Ann, cci. 42. 
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iodide is brought very slowly into contact with zinc cooled with 
ice, and the product distilled with water : 

CHs CH, 

(l)(|o + C,HJ + Zn = 

CH3 CH, 

CH3 CHj 

= <k&H‘ + 2 »( 0 H)I. 

<5H3 CH3 

Dimetliyl-allyl carbinol is a liquid possessing a faint, pleasant, 
camphor-like smell. It boils at 119°‘5, has at O'" a specific 
gravity of 0’8438, and combines with water to form the hydrate, 
CgHjgO + HgO, boiling at 116® — 117®.^ On oxidation with 
chromic acid solution it first forms / 8 -oxyvaleric acid, formic 
acid, and acetone, whilst potassium permanganate yields a larger 
proportion of )9-oxyvaleric acid, together with formic and oxalic 
acids.® 

When the alcohol is heated with acetic anhydride to 150® the 
acetate is formed. This is a liquid possessing a fruit-like smell, 
boiling at 137®’5, and having at 0® a specific gravity of 0'9007. 

Dimethyl-isoallyl CarMnol, CH 3 .CH— CH.C(CH 3 ) 20 H, is ob- 
tained by the action of a-crotonyl chloride on zinc-methyl, and 
is a thick oily liquid which boils between 110 ° and 116°.® 


ACIDS HAVING THE COMPOSITION, CeHi^Oa. 

750 Pyrotcrebic Acid, or Ropropyl-dcrylic Acid, (CH 3 ) 2 C~CH. 
CHg.COgH. Terebic acid, CvHjoO^ which is formed by the oxi- 
dation of oil of turpentine with nitric acid, is converted on beat- 
ing, as was found by Babourdin, into carbon dioxide and a new 
compound which he termed addepyrotcrehilique} This last acid 
was further examined by several chemists,® who, finding that. 

^ M. and A. Saytzew, An7i», Chem, Fhann, cbrxxv. 151, 175. 

3 Schirokow, J<mm. Prakt, Chem. [2], xxiii. 205. 

* Pawlowsky, Ber. Deutsch. Chem. Oia. y. 331. 

* N. Joum. Pharm. vi. 190. 

^ Ghautard, Ann, Chem, zzviii. 19^ ; Carleton-Williarfts, Chem, Soc, ,Jonm^ 
zxvii. 70 ; Mielek, Lieh, Ann, clxzz. 51 ; Bredt and Fittig, cc. 58. 
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the substance has a consji^nt boiling-point, considered it to be a 
definite chemical compound. Bredt and Fittig, however, after- 
wards proved that it is a mixture of the lactone of oxyisocaproic 
acid with an acid, for which they retained the name of pyroterebic 
acid.^ This latter is an oily liquid, possessing a characteristic, 
somewhat acrid, smell, solidifying at —15®, and being transformed, 
partly on distillation and completely on continued heating, into' 
the isomeric lactone.^ This remarkable change is explained by 
the following equation : 


CH3. CH3. 


CH 


'^CirCaCH, = 


HO 


io 


CH. 




L 


CO 


The characteristic calcium salt, + SHgO, crystal- 

lizes from hot water in glistening prisms. 

Pyroterebic acid combines with bromine to form dilrowi- 
isocaproic acid, C^H^^BrgOa, forming largo crystals melting at 
99® — 100®. According to Williams, acetic and isobutyric acids 
are formed on fusing crude pyroterebic acid with caustic potash. 

751 Mhyl-crotonic Acid, CH3.CHziC(02H5)C02H. The ethyl 
salt of this acid is produced when diethyloxalic ether is heated 
with phosphorus trichloride. It is a liquid boiling at 165®, having 
at 13® a specific gravity of 0*9203, and smelling like pepper- 
mint.^ This ethereal salt is also formed when diethyloxalic ether 
is treated with phosphorus pentachloride, and the chlordiethyl 
acetic ether, (C2H3)2CC1.C02C2H5, thus produced, subjected to 
distillation.^ By conversion into the potassium salt and dis- 
tilling this with dilute sulphuric acid, the acid is obtained, which 
crystallizes from ether in oblique prisms, melts at 41®, and boils 
at 209®; it volatilizes, how^ever, at the ordinary temperature 
and has an odour resembling that of benzoic acid. It is also 
produced by the distillation of ethyl-/9-oxy butyric acid,® whilst 
it is a remarkable fact that the isomeric diethyloxalic acid when 
heated by itself does not yield ethyl-crotonic acid but an isomeric 
compound, a liquid boiling at 198®, and not solidifying at — 18®. 
Fuming hydrobromic acid converts this at once into ethyl 
crotonic acid, and the same change is produced on heating with 

^ Lieb, Ann, cc. 259. * lb, Fittig and Geisler, ih, ccTiii. 37. 

• Frankland and Duppa, Chem. Soc, Jmm, xviii. 133 ; Fittig and Howe, 

Ann, cc. 21. 

^ Markownikoff and Drobjaskin, Bur, Deutsch, Chnn, Gea, vi. 1175. 

^ Waldschmidt, Awh. Okem, Pkarm, clxxxviii. 245. 
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dilute sulphuric acid or caustic potas]^,^ whilst both acids when 
fused with the latter substance yield acetic and butyric acids. 
It seems probable, therefore, that the isomerism of these two 
acids is similar to that of crotonic and isocrotonic acids. 

Ethyl-crotonic acid is not* affected by sodium-amalgam and 
water. It combines slowly with concentrated hydrobromic acid, 
forming hromhydro-ethyUcTotmic add, CgHi^BrOg, a crystalline 
mass melting at 2^ and yielding with sodium-amalgam and 
water a fatty acid of the composition CgHjgOg. From its mode 
of formation this should be diethylacetic acid, but, as in some 
points it differs from this acid, Fittig and Howe have given to 
it the provisional name of hydro-ethyl-crotonic acid. 

The brominated acid easily splits up in alkaline solution into 
carbon dioxide and a-methyl-ethyl-ethylene, a metallic bromide 
being at the same, time formed. 

Ethyl-crotonic acid combines with bromine to form dibrom- 
hydro-ethyl-crotonic acid, C^Hi^ErgOg, which separates from solu- 
tion in carbon disulphide in large, transparent crystals, melting at 
80®*5. When heated with water to 100°, brom-methyl-ethylene 
is formed, together with hexeric add, CH3.CH(OH).C(OH) 
(C2H5).C02H, This latter, which is an homologue of glyceric 
acid, dissolves readily in water, and crystallizes from ether in 
needles or rhombic prisms, melting at 141°. 

MeOiyUthylacroldn, CgHgCH “ C(CH3)COH, was obtained 
by Lieben and Zeisel by acting on propionaldehyde with a solu- 
tion of sodium acetate. It is a liquid having a sharp penetrating 
odour, boiling at 137°, and combining with acid sodium sulphite 
to form a crystalline compound. With bromine it combines to 
form a dibromcaproic aldehyde.* When acted on by acetic acid 
and iron filings it yields, together with the corresponding alcohol, 
propyl-methyl alcohol and also the aldehyde of methyl-propyl- 
acetic acid. Hence its constitution is established, and its 
formation is as follows ds 

CH3 /CH3 

CH3.CH2.CHO + = CH3.CH2.CH — %OH " 

ioH 

75a Bydrosof!^ Adi, or Propyl-acrylic Add, CH,.CH,.CHg.CH 
~ CH.CO,H, is formed by the action of sodium-amalgim and 

^ Erlenmeyer, Ber. DewUch, Chem, Oea, xii. 1854. 

* lionaiacli Chem» iv. 1. • 
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'water on sorbic acid, C^HjOg, which is obtained as a by-product 
in the preparation of malic acid from mountain-ash berries. It 
is a liquid, boiling at 208^, having at 19*^ a specific gravity of 
0'969, and not solidifying in a freezing mixture.^ On long- 
continued heating the boiling-point rises considerably, without, 
however, a product of constant boiling-point being obtained. 
An acid occurring in small quantity in croton oil is probably 
identical with hydrosorbic acid.^ 

On fusion with caustic potash, hydrosorbic acid splits up 
into acetic and normal butyric acids. It combines with bromine 
to form a liquid dibromcaproic acid, whilst sorbic acid combines 
with hydrobromic acid to form a dibromcaproic acid which forms 
large compact colourless transparent crystals, fusing at 68^ 
Hydrosorbic acid also combines readily with hydrobromic and 
hydriodic acids, forming substitution-products of .normal caproic 
acids, which are converted into the latter by nascent hydrogen. 

Calcium HydrosorhatCt + HgO, crystallizes in con- 

centrically-grouped needles, which dissolve more easily in cold 
than in hot water. 

Ethyl Hydrosorlate, CgHgOgCCgHg), is a liquid having a fruit- 
like smell, and boiling at 166'’ — 167®. 

In addition to the acids above described, the following acids 
of this group are known : 

M.P. B.P. 

3 Isopyroterebic acid, Liquid. — 213® — 215* 

^ Hexylenic acid, Needles. 39® — 

753 Teracrylic Add, C^HigOg, is obtained by the dry distillation 
of terpentic acid, OgHijO^, the latter being formed when oil of 
turpentine is oxidized with chromic acid. Teracrylic acid is an 
oily liquid, having an odour resembling, but ple«asanter than, 
valeric and caproic acids. It boils at 218® and does not solidify 
in a freezing mixture. Itsi calcium salt, (C 7 Hii 02 ) 2 Ca + 5 H 2 O, 
crystallizes in long prisms, which are readily soluble in cold 
water, but on heating with water fall to a powder, which dissolves 
again on cooling. When the acid is fused with caustic potash, 
the only fixed product is acetic acid, together with a small 
quantity of an acid that is non-volatile in a current of steam. 

^ Fittiff and BairiDf^er, Ann, Chem, Pharm, clxi. 809 ; Fittig, Stahl, Lands- 
herg, and Engelhom, ib, co. 42. 

Schmidt and Berendes, cxci. 121. 

* Lagermark and Eltekow, Joum. Bvm, Chem, Oea, zi. 125 : Ber, Jkutech, 
Chem, Oea, xii. 854. 

^ Pinner, Ber, Dewtack, Cham, Oea, x. 1054. 
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When teracrylic axsid is brought into contact with fuming hydro- 
bromic acid, bromheptoic acid is first f6rmed ; this is, however, 
very unstable and quickly gives oS hydrobromic acid, and yields 

heptolactoTie, 0^ 

This is a colourless liquid, possessing a weak odour, boiling 
at 220^ and yielding when cooled a crystalline mass melting at 
11®. At 0® it dissolves in, 12 volumes of water ; on warming, 
the solution becomes turbid, and at 30® — 50® the liquid has 'a 
milky appearance, and the lactone separates out in part in oily 
drops, which .dissolve again above 80®. On cooling again to 
0® the same phenomena are observed in reverse order. 

When the lactone is boiled with the hydroxides of .the alkali 
metals or of metals of the alkaline earths, the salts of the 
corresponding oxyheptylic acid, CyHj^Og, are formed, but the acid 
itself does not exist in the free state.^ 

Damaluric Acid, isomeric with teracrylic acid, has been found 
by Stadeler in the urine of man, of the horse, and of the cow 
(Sa/ 4 a\^ 9 , heifer). It is an oily liquid, having a characteristic 
'smell resembling that of valeric acid. The homologuc dantolic 
addy OjgHgjjOg,* is also found with damaluric acid. 

^ Fittig and K'raiTt, Lieb, Ann, ccyiii. 71. 
a JAeb, Ann, IxxvU. 27. 
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COMPOUNDS CONTAINING TEN TO FIFTEEN 
ATOMS OF CARBON. 


754 Of these the following tertiary alcohols having the 
composition OgH-igO, ai'e known. They are obtained in a way 
similar to their lower homologues : 


1 Allyl diethyl carbinol, C 3 Hg(C 2 Hg)gCOH 
* Allyl methyl propyl carbinol, 

03 H 3 (CH 3 )(C 3 H,)C 0 H 159“ 


B.P. 

156® 


8p. Gr. 
at 0®. 

0 8891 


-160® 0*8486 


Alcohols having the Composition CioHggO. 

• Allyl dipropyl carbinol, 

# C3H3(C3H^)2C0H 192® 0 8602 

^ Allyl di-isopropyl carbinol, 

03H3[(CH3)8GH]3C0H 169®— 171® 0 8671 


Amyldecatoic Acid, CigHigOg. 

755 aldehyde of this acid is formed together with other 
condensation-products, when vaieraldehyde is heated, either 
alone or with zinc clippings, to 240®, or when the acid is acted 
on with sodium, caustic potash, hydrochloric acid or potassium 
^carbonate.® For its preparation vaieraldehyde is boiled for 
some; time with dry potassium carbonate, and the product 
subjected to fractional distillation.^ 

Ainj^decaldehyde is an oil possessing a strong aromatic smell, 
it boils at 187® — 191®, and at 0® has a specific gravity of 0*861. 

^ Saytzew and Schiiokow, lAeh, Ann, cxcvi. 113. 

* Zemilianicin, Joum, Prakt, Chem, [2], xxiii. 263. 

* P. and A. Saytzew, Lieb, Ann, cxcvi. 109. 

^ Lebedinsky, Jtmm. Prakt, Ohem. [2], xxiii. 23.. 

* Borodin, Ber, VeuUch, Chem, Gee, iL 562 ; v. 480 ; Kiban, Bull, Soe, Chim, 
[2]. xiii 24; Eekiil4, Asr. Deuteeh, Chem, Gee, iii. 135. 

* OSes and Hell, ih, viii. 371. 
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By oxidation the aldehyde is transformed into amyldecatoic 
acid, which has already been described as isocapric acid (Fart L 
p. 665). Borodin has, however, found that it belongs to tKe 
acrylic series, whence it follows that the so-called isocapric 
' alcohol (Part I. p. 665) is an homologue of allyl ajcohdl and has 
the formula Ci^HgoO. 

Amyldecatoic acid is an oily liquid, boiling at 241*'‘5 and at 
0® having a specific gravity of 0*9096. It combines with bromine 
forming dibromcapric acid, Cj^HigBraOj, which crystallizes in 
glistening monoclinic prisms, melting at 135®.^ 

AvienyUvaleric Acid, CjoHigOg, was obtained by Frohlich and 
Geuther, together with other products, by the action of carbon 
monoxide on sodium amylate at 210®. It is a thick oily liquid, 
possessing a characteristic smell, and boiling at 268® — 276®.^ 

Undeeylenic Acid, Ci3H2o02, is formed^ together with oenanthol, 
when castor-oil is distilled under reduced pressure (Part I. p. 647). 
It forms a crystalline mass melting at 24®*5. Under ordinary 
pressure, it boils with slight decomposition at 295®, but distils 
unchanged under a pressure of 90 mm. at 198® — 200®. It com- 
bines with bromine, forming dih^omundecylic acid, C'iiH2()Br.202, 
and on heating with hydriodic acid is transformed into undecylic 
acid (Part I. p. 667). When fused with caustic potash it splits 
up into acetic and nonoic acid, whilst fuming nitric acid oxidizes 
it to sebacic acid.® 

Chnicic Acid, CigHggOg, is contained in the exceedingly dis- 
agreeably smelling liquid, ejected as a defence by the grey leaf- 
bug {RhapigaHer puncti pennis) belonging to the genus cimex. 
It crystallizes from ether in prisms united in stellar forms, 
melts at 44®, and is difficultly soluble in alcohol.^ 


THE OLEIC ACIDS. 

756 The higher members of this group of acids occur as gly- 
cerides in various oils and fats. They do not volatilize without 
decomposition, and are distinguished from the corresponding fatty 
acids, inasmuch as their lead salts are soluble in ether. Another 
characteristic reaction is that they are transformed by a small 

* Hell and Schoop, Ber, Devisch, Chem, Chs, xii. 193. 

^ Lich Ann, ccii. 294. 

’ Krafft, Ber, Dewtaeh, Chem, Oea, x. 1034 ; Becker, ib, xi. 1412. 

^ Carius, Ann, Chem, Phann, cxiv. 147. 
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quantity of nitrogen trioxide into isomeric acids possessing a 
higher melting point. Their glycerides, also, undergo a simile 
change; and this explains why oil of almonds, olive oil, &c., 
solidify when treated with nitrogen trioxide. 

Hypogceic Add, was found by Gossmann and 

Scheven, together with palmitic and arachidic acid in earth-nut 
oil,^ which is used as a substitute for olive oil, and is obtained 
from the seeds of Arachis hypogma. Hypogaeic acid may be 
prepared by decomposition of the lead salt; or the oil is 
saponified with weak soda ley, the free acids extracted from the 
soap, and these dissolved in the smallest possible quantity of 
hot alcohol. On cooling, part of the fatty acids separate out. 
The filtrate is evaporated in hydrogen, and the residue treated 
again as above until no further separation of crystals occurs on 
cooling, and the solution is then evaporated.^ Hypogaeic acid 
forms colourless needle-shaped crystals, which melt at 33® and 
dissolve very readily in alcohol. It combines with a molecule 
of bromine, and is converted in contact with nitrogen trioxide,* 
or by heating with common nitric acid (Schroder), into gaeidinic 
acid, a crystalline mass, which melts at 39®, is readily soluble 
in alcohol, and, like its isomeride, combines with bromine. 

Isomeric with these acids, also, is physetoleic acid, which is 
contained in the spermaceti oil found in cavities in the head 
of the sperm-whale (JPhyseter inacrocephahts). This melts at 
30®,^ and on distillation does not yield scbacic acid, as is the case 
with hypogmic acid (Caldwell and Gossmann). 

757 Oleic Add, Cj^Hj^Og. This acid was discovered by Chevreul, 
although Gottlieb first obtained it in the perfectly pure state, 
and ascertained its formula.® It occurs as triolein in most liquid 
and solid fats, such as non-drying oil, almond oil, olive oil, cod-liver 
oil, &c., being contained in these bodies in large quantities, and 
it is' also found in the fat of the goose, as well as in lard. The 
acid obtained from the latter was considered by Bromeis to be a 
distinct one,® but Gottlieb and Heintz showed that it is identical 
with oleic acid.^ This is also the case with the benic acid 
found by Walter in behen-oil (Moringa aptera) and to which 
he gave the formula of Ci5Hjg02,® but Zalesky showed that this 

^ Ann, Ghent, Phaimi, xciv. 230. 

* Schroder, Ann, Ohem, Pharm, cxliii. 22, 

* Caldwell and Gossmann, ib. xeix. 307. 

^ HofsIMter, Ann, Ohenu Phami, xci. 177. 

® Ih, Ivii. 38. * Ann. Chem. Pharm, xlii. 55. • 

^ Pogg. Ann. Ixuiii. 555 ; Ixxxix. 583 ; xc. 143. 

* Ann, Chem. Pmnn, lx. 271. 
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is impure oleic acid.^ Oleic acid also exists in the different 
varieties of tallow and other solid fats, and is obtained in large 
quantities as a by-product in the manufacture of stearin candles. 

Gottlieb obtained the pure acid by saponifying almond oil 
with potash solution, decomposing the soap with hydrochloric 
acid, and heating the resulting mixture of acids with lead oxide 
for some hours to 100°. From the mixture of lead salts thus 
obtained, the lead oleate is separated by exhaustion with ether, 
and the solution is then shaken up with hydrochloric acid. 
Impure oleic acid is obtained from the filtrate by evaporating 
off the ether. This acid is dissolved in ammonia, and a solution 
of barium chloride added, when barium oleate is precipitated, 
and this is purified by recrystallization from alcohol, and then 
decomposed by tartaric acid. 

Olive oil, lard, or commercial oleic acid, may be used instead 
of almond oil, and the acid separated from the lead salt may 
be purified by cooling to between - 6 and — 7, when the acid 
crystallizes ; the liquid impurities are removed by subjecting to 
strong pressure, and these operations of cooling and pressing 
repeated until a pure product is obtained (Bromeis). 

If the commercial oleic acid has been recently prepared, and 
therefore contains but little products of oxidation, it is cooled 
down to 0° in order to separate stearic and oleic acids; the 
liquid is pressed out, and then by the process last described 
a tolerably pure acid may be obtained. 

Pro;pcrties. Oleic acid is a colourless oil, which on cooling 
solidifies to brilliant, colourless, and tasteless needles, melting 
at 14®. Their alcoholic solution, when pure, has a neutral 
reaction (Gottlieb). Pure oleic acid is moderately stable, but 
the impure acid readily absorbs oxygen, becomes yellow 
coloured, and acquires an acid reaction and rancid odour. 

When heated with amorphous phosphorus and fuming 
hydriodic acid to 200° — 210®, it is converted into stearic acid.* 
On fusion with caustic potash it splits up into acetic and 
palmitic acids.* This reaction is now used for the preparation 
of the latter acid on the large scale.^ Nitiic acid oxidizes it 
with formation of acids of the fatty and of the oxalic series, 
and on dry distillation it yields acetic, cap^ylic, capric, and seba- 
cic acids, hydrocarbons and carbon dioxide. It may, however, 

^ Ber. DeutscK Chem. Ocs. vii. 1013. * Goldschmidt, Jahresh 1876, 679, 

® Varrentrapp, Ann. Ch&m. Phann. xxxv. 196. ^ 

^ Carpenter, Joum. Soe. Chem. Ind. ii. 98. 
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be distilled in a current of superheated steam at 250’' without de- 
composition.^ It combines with bromine to form a dibromstearic 
acid, Ci8H34Br202, a thick yellow oil, having a fruit-like odour.® 
Sodium Oleate, Ci8H33Na02> is a constituent of hard soap 
(Part I. p. 690). The salt prepared from pure oleic acid can 
be crystallized from absolute alcohol, but not from aqueous 
alcohol or from the syrupy solution in water (Varrentrapp). 
The potas8i%im salt forms a transparent jelly, and is decomposed 
by a large quantity of water into caustic potash and the in- 
soluble acid salt. Barium is insoluble in 

water, difficultly soluble in boiling spirit, and forms a snow-white, 
light, crystalline powder. Lead Oleate, (C^8H3302)2Pb, is a light, 
white powder, which melts at 80® to a yellow oil, and this on 
cooling forms a brittle, translucent mass. 

758 The glycerides of oleic acid were obtained by Berthelot by 
a method similar to that employed in the preparation of the 
glycerides of the fatty acids.® Monolein and diolein are oily 
liquids, which on cooling solidify to a crystalline mass. 

Triolein, (Ci8H330g)3C3H5, is obtained by heating glycerol with 
an excess of oleic acid to 240®. It may also be prepared from 
almond oil or olive oil, by cooling down to 0®, removing the 
liquid part from the glycerides, of the fatty acids by pressure, 
and dissolving in three times its volume of hot alcohol, and 
again cooling down to 0®, or, better, a few degi’ees below 0®, 
when still more of the glycerides separate out. The alcohol 
is then distilled off, and the residue washed free from adhering 
alcohol by water. A still purer triolein is obtained, according to 
Kerwyck, from cold-pressed olive oil by allowing it to stand 
twenty-four hours over caustic soda solution, with frequent 
shaking, by which means the glycerides of the fatty acids are 
chiefly saponified. The soap thus produced is removed by dilute 
alcohol, and the triolein, which has the usual yellow colour, is * 
then decolorized by animal charcoal.^ 

Triolein is an oily neutral liquid devoid of taste and smell. 
It can be distilled in a vacuum, and solidifies below 0^ When 
exposed to the air it takes up oxygen and becomes acid and 
rancid. 

. Oleic acid dissolves in concentrated sulphuric acid to a colour- 
less solution, a sulphonic acid being formed. This was termed 

1 Bolley and Borgmann, Zeitseh. Cfhem. 1866, 187. 

^ Burg, Jourrt, Prakt, Chem. xciil 227 ; Overbeck, Ann, Ckem, Phami, cxl. 43. 

> Ann, Chim, Phya,9\S'\, xli. 248. ^ Kolbe-Meyer, Lehrh, Org. Chem, ii. 25. 
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by Fremy olein^sulphuric addy but he did not succeed in obtain- 
ing it pure. He found also that when two parts of olive oil 
and one part of sulphuric acid are brought together, the mixture 
being well cooled, and after twenty-four hours decomposed with 
water, an oily layer separates, which consists of the sulphonic 
acids of oleic acid and margaric acid (palmitic and stearic acids), 
whilst the aqueous solution contains the excess of sulphuric 
acid and glycerol-sulphuric acid.^ Mercer and Greenwood long 
ago proposed the use of this sulpho-acid in place of olive oil in 
the Turkey-red industry, and, later, John Lightfoot introduced 
the use of the sodium salt in calico-printing, as a prepare” 
for cloth for steam colours, the effect being to heighten and 
brighten the tints.* 

Lightfoot sta.ted that other oils may also be used for this 
purpose, and at the present day castor oil is much used. 

759 Elaidic Add. Boyle, in 1661, mentions that olive oil and . 
almond oil both become thick when acted upon by fuming aqua 
fortis, and other chemists observed that nitrous vapours produce 
the same effect. These observations were, however, entirely 
forgotten until a Marseilles apothecary, Poutet, noticed in 
1819 that olive oil becomes solid when shaken up with a 
solution of mercury in nitric acid,* and on this observation he 
founded a method for detecting the adulteration of olive oil 
with foreign oils ; but, later, Boudet and Lescalier pointed out 
that other oils also give a similar reaction with the mercury 
solution, and ^at this cannot be used for the detection of 
adulteration in olive oil. Felix Boudet, following up Poutet’s 
observation, found that the mercury solution only acts as 
described when it contains free nitrous acid. He further 
established the fact that a new body is formed in this reaction, 
and to it he gave the name of daiMUy and this he considered 
to be a compound of glyceryl oxide with a new acid which 
he termed daidia add.^ This was then further examined by 
Laurent,^ Boudet and Pelouze,® and Meyer, ^ the last-named pre- 
paring it from oleic acid. Its correct formula was, however, first 
established by Gottlieb.® 

For its preparation, nitrous fumes are passed for a few minutes 
into pure oleic acid which is kept cold, and this in about half 

1 Ann. Chim. Phys. [2], Ixv. 113. * Patent No. 760, 1864. 

■ Ann, Chim. Phys, xii. 68. 4 Ann. Chm. Pha/rm. iv. 1. 

^ lb. xxviii. 253 ; Ann, Chim, Phys. Ixv. 294. % 

• Aim. Cheni. Pharm. xxix. 41. ^ Ib. xxxv. 174. 


* 76. Ivii. 62. 
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an hour solidifies to a mass consisting of large plates. This is 
then washed with boiling water and purified by recrystallization 
from alcohol. It crystallizes in large pearly plates, resembling 
benzoic acid, melts at 44® — 45®, and at a higher temperature 
distils, almost without decomposition. It has a strongly acid 
reaction, combines readily with bromine, and when fused with 
caustic potash splits up into acetic and palmitic acids (Meyer, 
Varrentrapp), whilst, when heated with phosphorus and hydriodic 
acid, it is transformed into stearic acid (Goldschmidt). 

In the fused state it quickly absorbs oxygen, and in the course 
of a couple of weeks 65 per cent, of it is changed into a semi- 
fluid yellow mass, smelling of poppy-oil. * 

Since solid elaidic acid is so readily obtained from liquid oleic 
acid, it has been proposed to prepare it on the large scale for 
making candles, but the idea has not as yet been practically 
carried out.' 

Sodium Elaidate^ CjgHjjNaOg, crystallizes from alcohol in 
light lammae, having a silvery lustre. Its dilute aqueous 
solution becomes turbid and alkaline on standing, scales of the 
acid salt separating out (Boudet, Laurent, Meyer). Hho potassium 
salt forms glistening needles (Boudet); the harium salt and 
the lead salt are white precipitates (Meyer). 

By heating silver bromstearate with water, Oudemanns 
obtained an acid which is isomeric with elaidic acid, but dissolves 
more readily in alcohol. It forms an amorphous mass, melting 
at 35V'* 

760 DoeglicAcid, CigHg^Og. The glyceride of this acid forms, 
according to Scharling, the principal part of the doegling train- 
oil (from the bottle-nosed whale, Balacua rostratd). The acid 
is a yellow oil, which solidifies on cooling.® 

Erucic Acid, C 22 H 42 O 2 , occurs in the fatty oil of white and 
black mustard,^ in rape-seed oil,® and in grape-seed oil.® For ' 
its preparation the rape-seed oil is boiled with water and lead 
oxide, and the lead-soap extracted with cold ether, when the 
solution contains chiefly an acid which has not been closely 
examined, and to which the name sinoleic acid has been given.^ 
The residual lead salt is decomposed with alcoholic hydrochloric 
acid. ‘Erucic acid forms long thin glistening needles, which 

^ Ber, Entw, Chem, Ind, ii. 499. * Jmnu Prakt, Chem, Ixxxix. 193. 

® Joum, PraJcL Chem, xliii. 257. * Darby, Amu Chemu Pluimu Ixix. 1. 

* Websky, Jmvm,, Praht, Cham, Iviii. 449. 

* Fitz, B&r. Deutsch Chem. Oea, iv. 442. 

^ Darby ; St&deler, Ann Chum, Phann Ixxxvii. 153. 
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melt at 84 ®. When fused with potash it splits up into araChic 
acid and acetic acid. Nitrogen trioxide or dilute nitric acid^ 
transforms it into hrassidic or emddic add, which crystallizes 
from alcohol in laminse which melt at 66®. On heating with 
hydriodic acid and phosphorus, it is reduced, as is also erucic 
acid, to behenic acid, (Goldschmidt). 

Ricinoleic Acid, 

761 This acid, although it does not belong to the foregoing group, 
is intimately connected with it. It occurs as glyceride in castor 
oil,^ together with small quantities of tripalmitin and tristearin, 
and in the oil obtained from the seeds of Jatropha Curcas (Curcas 
purgans)? It is prepared from castor oil by a process similar 
to that by which oleic acid is obtained from olive oil ; ^ or more 
simply, castor-oil soap is fiactionally precipitated by means of 
calcium chloride, the first fraction (about one-third of the whole) 
set aside, and the later fractions twice crystallized from alcohol. 
A pure calcium ricinoleate is thus obtained, which is then 
decomposed with hydrochloric acid.® 

Ricinoleic acid is a .thick oily liquid, which solidifies below 
0®, and mixes in every proportion with alcohol and ether. Its 
alcoholic solution has an acid reaction, an unpleasant persistent 
acrid taste, and it does not oxidize in the air. As has already 
been described, it decomposes on heating with alkalis, into 
methylhexyl carbinol and sebacic acid, and on distillation under 
diminished pressure yields cenauthol and undecylic acid. It 
combines with bromine, and when acted on with iodine, 
phosphorus and water, is transformed into iodstearidic add, 
C^gHgjjIOg, a yellow oil, which on heating with hydrochloric 
acid and zinc filings yields stearic acid (Claus and Hassenkamp). 

When castor oil is treated with alcoholic ammonia, ridnolamide, 
®i 8®33G2(NH2) is formed ; ® it is a white crystalline mass which 
melts at 66®, and is decomposed by hydrochloric acid into ricinoleic 
acid and sal-ammoniac.^ 

^ Haussknecht, Ann, Chem. Phann. cxliii. 41. 

3 Bussy and Lecann, Joum, Pharm. xiii. 57. 

* Bouis, Cmnpt, Pend, xxxix. 923 ; j^maudon and Ulialdim, JaJvreab, 1858, 
536 ; Silva, Compt, Rend. Ixvii. 1261. 

♦ Saalmiiller, Ann, Clmn, Phamn, Ixiv. 108 ; Svanberg and Kolmodin, Jmm, 
PmkL Chem, xlv. 431. 

® Claus and Hassenkamp, Per, DexUech, Chem, Ges, ix. 1961. 

® Boullay, Compt. Pend, xxxii. 223. 

^ Bouis, Ann^ Chim, Phya. [3], xliv. 96, ' 
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On dissolving castor oil in sulphuric acid a sulphonic acid 
is produced. A solution of its ammonium salt mixed with that 
of sulphopyroterebic acid is used in commerce under the name 
of Turkey-red oil, and is used in Turkey-red dyeing and in 
calico-printing. Castor oil also dissolves readily in soda-ley, and 
such a solution, known in commerce as soluble oil,” is used as 
a “ prepare ” in calico-printing. Castor oil is likewise used in 
the manufacture of soap. 

Ricinelaidic Acid is obtained by the action of nitrogen trioxide 
on ricinoleic acid,^ and is also produced when this acid is heated 
with ordinary nitric acid.* It crystallizes from alcohol in silky 
glistening needles united in tufts, which melt at 50®. With 
bromine and caustic soda it exhibits reactions corresponding 
to those of ricinoleic acid.® 


TRIBASIC ACIDS, CnH2n-i(C02H)3, AND COM- 
POUNDS RELATED THERETO. 

76 a Methenyl-THcarhoxylic Add, CH( 002 H) 3 , is not known in 
the free state. Its ethyl salt is obtained by the action of ethyl 
chloroformiate (ethyl chlorcarboxylate) on pure sodium malonic 
ether. It is a pleasantly-smelling liquid, which distils between 
254® and 260®, and is decomposed by potash solution with for- 
mation of potassium malonate, potassium carbonate,and alcohol.^ 
Ethenyl Trwarhoxylic Add, C,H 3 (C 02 H) 3 , is obtained in a 
similar way from ethyl chloracetate : 

CO2.C3H3 CO2.C2H3 

CHNa -I- ClCH 2 .CO 2 .C 2 H 3 = CH.CH 2 .C 02 .C 2 Hfi + NaCl. 

CO,.C*Hg 

The ethereal salt thus obtained is a liquid boiling at 
275® — 280®. The acid prepared from it crystallizes in colourless 
prisms, fusing at 159®,® with evolution of carbon dioxide, and 
when the heat is continued suflSciently long only succinic acid 
is left behind. 

^ Boudet, Playfair, Ann. Chem. PhJhrm. lx. 322. 

, ^ Ulrich, Zeitsch. Chem. 1867, 548. 

* Koch, Ann, Chem. Pharm, cxix. 174. 

* Conntd, Ber, Deviech, Chem. Ghs. xii. 762. 

® Bischoff, Ann. Chem. Pharm, eexiv, 68. 
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The same acid is obtained when ethyl chlormalonate acts upon 
ethyl iodomalonate, (mtylene-tetracarloxylic add, 02H2(C02H)4, 
being produced : ^ 


C2H,.C02>^ 

c,H5.co/ 


OHC1 + 




\C0,.C,H5 


CsH,.C02v /COj.O,H5 

>CH— CH + 

C,H,.C0/ \CO^.C,B, 


NaCl. 


This ethereal salt forms glistening white needles, which melt 
at 76 °. It boils at 305 °, and is decomposed by potash solution 
with formation of ethenyl-tricarboxylic acid. 

By the action of chlorine on the ethyl salt of this acid, ethyl 
monochlorcthenyl-tricarboxylate, C2H2C1(C02. 0311^)3, is obtained, 
which boils with partial decomposition at 290 °, and by prolonged 
heating with hydrochloric acid is transformed into fuinaric 
acid : 

CH2.CO2.C2W6 CH.CO2H 

I + SHgO a 

CC1(C02.C2H,)2 CH.CO 2 H 

CO 2 +• HCl + 8 C 2 H 5 OH. 


When the chlorinated ethyl salt is saponified with potash, 
inactive malic acid is produced, identical with that obtained by 
Loydl from fuinaric acid.^ 

By the action of sodium ethylate and propyl iodide on the 
ethyl salt of ethenyl-tricarboxylic acid it is converted into the 
ethyl salt of pro'pyl ethenyUtricaTboxylic add, C3Hy(C02H)2CH2. 
COgH, which boils with decomposition at 280 °. The acid ob- 
tained from this, crystallizes in glistening needles, which melt at 
148 ° and decompose when further heated into propyl-succinic 
acid and carbon dioxide.® 

fi-Methyl-ethenyl TrwarboxylicAcid,GTl^.C^(QO^GK{GO^^ 
The ethyl salt of this acid is obtained by acting with, ethyl 
brompropionate on ethyl sodomalonate, and is a liquid which 
boils at 270 °, and is readily saponified by potash solution. The 
free acid forms a glistening crystalline mass, which melts at 


^ Conrad and Bischoff, Ann, Chem, Phann. ocxiv. 68. 
^ Biachoff, Ann. Chem. Pharm. cezv. 44. % 

® Waltz, ceziv. 88. 
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142^ and on longer heating splits up into pyrotartaric acid and 
carbon dioxide.^ 

763 Desoxcdic Acid, or DioxyeihenyltricarhoxyliG Add, 
C 2 H( 0 H) 2 (C 02 lI) 3 , -was discovered in 1861 by Lowig, who 
obtained its ethyl salt by the action of sodium-amalgam 
on ethyl oxalate, and from this he prepared the free acid. He 
pointed out that its solution splits up on heating into racemic 
acid and carbon dioxide, this forming the first instance of the 
synthesis of a higlicr organic acid by reduction of oxalic acid. 
In this reaction other products are obtained in addition to 
ethyl desoxalate. Amongst these Lowig noticed a substance 
which possesses a sweet taste, is decomposed by means of 
yeast into alcohol and carbon dioxide, and also exhibits other 
properties characteristic of an optically active sugar, but he 
did not examine it further.^ 

According to Brunner the first action of sodium-amalgam 
on ethyl oxalate is to produce the ethyl salt of an acid having 
the composition C^HgOg, and the solution of this on evaporation 
decomposes into racemic acid and glyoxylic acid, whilst when 
the ethyl salt is saponified with potash solution or the potassium 
salt is decomposed with acetic acid, Lowigs acid is formed.^ 
Klein was, however, unable to confirm these observations, but 
obtained the same' results as Lowig.^ 

To prepare desoxalic acid, equal volumes of a three per-cent, 
sodium amalgam and of ethyl oxalate are brought into a cylinder, 
kept cold by water, and shaken together frequently. The 
product is exhausted with ether, and the solution shaken up 
with small quantities of water. The ether is then distilled 
off and the residue allowed to stand until the ethyl desoxalate 
has crystallized out. This is then decomposed with potash 
solution, the solution rendered faintly acid with nitric acid, and 
then precipitated with lead nitrate. The washed lead salt is 
decomposed with sulphuretted hydrogen and the solution of the 
acid thus obtained is evaporated over sulphuric acid. 

Desoxalic acid crystallizes with one molecule of water of 
crystallization. It is very deliquescent and dissolves readily in 
alcohol. When its aqueous solution is heated to 45^ it evolves 
carbon dioxide, and this decomposition proceeds rapidly when 

^ Bischoff, Ber, Dmtsch, Ghm,, Qes, xiii. 2165 : Bischoff and Guthzeit, ib, xiv* 
614. 

* J<oum, Brakt. Chem, Izxziii. 129 ; Ixxxir. 1. 

* Ber, JOeutseh, Cheifi, Oea. iii. 974 ; xii. 542. 

« Jcwm, Prakt, (Jh&m, [ 2 ], xx. 146. 
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the liquid is boiled, an acid being formed which has been 
supposed to be racemic acid, but which is doubtless the very 
similar glycotartaric acid : 

CH(0H)C02H 0H(0H)C02H 

I = COg + I 

C(0H)(C02H)g CH(0H)C02H. 

Normal Potassium Desoxalate, CgHgOgKg, remains on evaporat- 
ing its solution as a gum-like mass, which on standing over 
sulphuric acid becomes crystalline. When its solution is super- 
saturated with acetic acid, the acid salt, C5H40gK2, separates 
out after some time in brilliant, white, hard, crystalline crusts. 

The desoxalates of calcium, barium, lead, and silver are 
white precipitates. 

Ethyl Desoxalate, C5H30g(C2Hg)3. separates from its solution 
in warm water in large glistening triclinic crystals, which melt 
at 85 ®, are odourless, and have a purely bitter taste. When 
heated for some time to 140 ^* — 150 ° it is converted into an oily 
liquid which does not solidify on cooling, and has an exceed- 
ingly bitter taste. This modification is also contained in the 
mother-liquor from the crystals which have been deposited. 
On treatment with bases it yields salts identical with those 
prepared from the crystalline variety. 

When heated with acetic anhydride, ethyl diacetyl-desoxalate^ 
C,H( 0 .C,H 30 ),(C 02 .C 2 H 5 )s, is obtained, as an oily liquid 
possessing a very bitter taste. 

764 Propenyl Tricarhoxylu Acid, 03Hr,(C02H)3, was first ob- 
tained by Dessaignes^ by the action of nascent hydrogen on 
aconitic acid, C3H3(C02H)3. Soon afterwards Maxwell Simpson 
prepared an acid of the same composition synthetically, by con- 
verting propenyl tribromide into the corresponding cyanide, and 
decomposing this by heating with potash solution.^ Kekuld put 
forward the supposition that Simpson’s acid is identical with 
that of Dessaignes, and termed it carhallylic dcid, Wichelhaus 
then proved the correctness of Kekul^’s view,^ and Simpson, 
who investigated the acid more closely, altered its name to 
tricariallylic acid.* 

This acid is also formed when allylene dichloride, CgH^Clg, is 
heated with alcohol and potassium cyanide and the product 

* Ann, Chm, Pharm, Suppl. ii. 188. 

* Ann, Chem, Pharm, cxxviii, 351, ^ 

* Jb, cxxxii. 61. * Ib, cxxxvi. 272. 
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decomposed with potash/ and it may be obtained in the same 
way from the ethyl salt of chlorcrotonic eucid,^ It is obtained, 
further, by means of the acetoacetic ether reaction. When the 
sodacetacetate is treated with ethyl chloracetate, ethylaceto- 
succinate (p. 189) is formed, and the sodium compound of this 
is transformed by ethyl chloracetate into ethyl acetotricarballylatc, 
CH3.C0.C3H4(C02.C2H6)3. This is a liquid which is readily 
decomposed by caustic potash or baryta-water as follows ; ® 


CH 2 .CO 2 .C 2 H 3 

CH,.CoAcOj.C 2 Hj + 4 KOH = 

(!hs.COj.CjH6 


OHj-CO^K 

iaCOaK + 3O2H5.OH. 
injCOjjK 


CH2.c0.0K + 


The above-mentioned ethereal salt of ethenyltricarboxylic 
acid (p. 425) contains an atom of hydrogen which is replaceable 
by sodium ; if the sodium compound be then treated with 
ethyl chloracetate, the salt of isoallylene-teiracarhoxylic acid, 
C 3 H 4 (COjH) 4 , is obtained, which crystallizes in large prisms, 
and decomposes at 151® into tricarballylic acid and carbon 
dioxide : ^ 

CHgCOgH CHg-COgH 

C<to:h " + COf 

CH2.CO2H CHgCOgH 

Tricarballylic acid is frequently found as calcium salt,* 
together with aconitic acid and citric acid, C 3 H 4 ( 0 H)(C 02 H) 3 , 
in the deposit in the stills used in beet-sugar works.® 

It forms rhombic crystals readily soluble in water and 
alcohol, and melting at 158®. It is not attacked by nitric acid, 
and on heating part of it sublimes without decomposition. 


1 Claus, ib, clxx. 181. > Claus, ib, cxci. 63. 

> Miehle, Ann, Chm,, Pharm, cxc. 322. 

^ Conrad, Ber. Deutseh, Cham, Gea, xiii. 2163. 

* Von Lippmann, Ber, Dcwtsch, Chem, Ges, xi. 707 ; xii. 1640. 
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> CITRIC ACID, C^HgOy. 

765 The acid contained in lemon juice, the existence of which 
must have been noticed in very early times, was first distinctly 
mentioned by a chemist in the thirteenth century. In hie 
Sipeculum Narrate Vincentius Bello vacensis says: ** Salutiva 
corporum mvXta sunt, ut aqua limmum, vel pomarum dtrinanm^ 
quce dicuntur melangoli, vel orangii, distillata per filtrwni!* 
Boerhave also refers to it as a solvent in his Elemeida Chemiae, 
in 1732, where he states that many very powerfiil vegetable 
solvents or acids exist, " quum sticaus recens aurantii, citrei lirrmiii, 
plumbum, stannum, cuprum, femm dissolved, satisque fortU&r 
calcinare queat, aeque quam fossila cuAda!* N. Lemery believed 
that this acid was identical with that of the grape, for he asserts 
that in the preparation of the " extrait de mart aperitif'' made 
from iron-rust, water, and new wine or lemon- juice, it is '^les sties 
tartareiix du raisin et des Unions" which produce the desired 
effect. Stahl considered this acid to be acetic acid, but Retzius, 
in 1776 pointed out that it differs from this, inasmuch 4 s the lead 
salt is insoluble in water, whilst it differs from tartaric acid, in tfiat 
it does not form a sparingly soluble potassium salt. He did not* 
however obtain the acid in the form of crystals, which was first 
accomplished by Scheele in 1784. 

Citric acid is found widely distributed in nature. According 
to Scheele it occurs in the free state, and accompanied with little 
or no malic acid in the lemon, orange, sloe, cranberry, whortle- 
berry, hipberry, and in the berries of Solanum dulcamara, and 
also, according to Stein, in Drosera intermedia} Together with 
about an equal quantity of mal^g acid it is found in the goose- 
berry, currant, bilberry, raspberry, strawberry, and chenf^, whilst 
the tamarind (Vauquelin) and the mi(intain-ash berry (liebig) 
contain both these acids together with tartaric acid. 

The citrates of calcium and potassium are also very widely 
distributed in the vegetable kingdom; amongst the weU-knbwn 
plants in which they occur, may be mentioned : in the haulmd||t 
Aconitum lycoctonum, Convallaria majalis, Isatis tmd&hiim, wri 
the tobacco plant,^ in the milky juice of lettuce, and, in the 
tubers of the Jerusalem artichoke and dahiia, the potato, onion, 
beetroot, &c. 

^ Btr, Deutsch, Chenu Oea, xii. 1600. 
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iV^^ra^tOTi. Oitric acid is principaJly obtained from lemon 
^oice/ which forms a considerable article of export from the 
Italian and Spanish ports, as well as ffoin Sicily, the West Indies, 
and the Sandwich Islands. It is also obtained from the several 
species of lemons, viz., Citrtts medim, C. Livionum, and C, 
B^gamia, the rind of these fruits being utilised for the prepara- 
tion of the ethereal oil. The juice ferments when allowed to 
stand, a deposit forming which is separated by fil&ation. The 
juic^ contains from 6 to 7 per cent, of citric acid, and is not only 
used to manufacture citric acid, but without further treatment, 
is employed as an excellent anti-scorbutic. The inspissated juice, 
containing about 23 per cent, of acid, also forms an article of 
commerce. 

Citric acid is still manufactured from this juice according to 
the method originally suggested by Scheele. The lemon-juice, 
heated almost to the boiling-point, is treated with finely 
powdered chalk until no further evolution of carbonic acid 
occurs, when milk of lime is added. The calcium citrate thus 
precipitated is washed with boiling water until the filtrate is 
colouirless. Calcium citrate is also frequently prepared in this 
way &pm the fresh juice in districts where lemons are plentiful, 
and then brought into commerce.^ To obtain the acid, this salt 
is decomposed by the calculated quantity of sulphuric acid, the 
solution concentrated to the crystallizing point, and the acid thus 
obtained purified by recrystallization. 

Tilloy has proposed to prepare citric acid from currants. The 
juice is first allowed to ferment, the alcohol is then distilled off, 
and the residual liquor worked up for the acid by the method 
above described. One hundred kilograms of currants yield one 
kilogram) of citric acid and ten liters of alcohol of about 40 per 
cent.* /According to Grager, ^Bfanberries may be treated in a 
sindiilar way fox the preparai^on of both citric acid and alcohol.* . 

‘ 76S Syndesis, Oitric acid can also be prepared synthetically, and 
its s^thesis serves as an excellent example of the statement that 
lii^"dq]ppo\ind occurring in the organic world can be artificially 
jjgjUpared so soon as its constitution is known (Part I. p. 10). The 
step towards a knowledge of its constitution was made by 
liebig, who rightly fixed the molecular weight of the acid, and 
pointed out that *it is ^basio.^ Or heating, it loses a molecule of 
water and is tmnsformed into aconitic acid, C^H^Og, which is also 

^ Ber, Entw, Chem, hid, ii. 425. * Joum, Pluirm. [2], xiii. 305. 

■ Ncu, Jahrh, Pharm, xxxix. 193. * Ann, Chem, Phann, xxvi. 151. 
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tribasie. Hence it follows that it contains an hydroxyl in 
addition to three carboxyl groups^ and this is also shown by the 
fact that it contains a ^hydrogen atom easily replaceable by 
an acid radical. From these observations the rational formula, 
C 3 H 4 ( 0 H)(C 02 H) 3 , was deduced. Aconitic acid combines with 
hydrogen, forming tricarballylic acid, CjH 3 (C 02 H) 3 , which has 
also been prepared from propenyl tribroniide by the replacement 
of the bromine by carboxyl, and this fixes its constitution. 
Citric acid is, however, the corresponding oxyacid, and can exist 
in two forms : 

CH2.CO2H CHgCOgH 

i!(OH).COaH iaCOgH 

tna-COaH (!!H(OH).COaH. 

The first of these seems to be the most probable formula for 
citric acid, since it often yields as a decomposition product, 
acetone, or some of its derivatives. The correctness of this view 
has been established by the researches of Grimaux and Adam. 
Starting from dichlorhydrin, and oxidizing this to dichloracetone, 
they then combined this with hydrocyanic acid, and obtained di- 
chlm'oxyisohuiyronitril, CH 2 Cl.C(OH)(CN)CHg 01 , and this latter 
on decomposition with hydrochloric acid, was transformed into the 
corresponding acid. The potassium salt of this acid was then 
heated with a concentrated solution of potassium cyanide, and 
converted into a salt of diqfanoxyisohutyric add, and this product, 
when saturated by hydrochloric acid and heated, yielded citric 
acid.i 

767 Properties. Citric acid crystallizes with one molecule of 
water in transparent rhombic prisms, which dissolve in 075 part 
of cold, and 0*5 part of hot w^ter, and have a strong but pleasant 
acid taste. Citric acid is also readily soluble in alcohol, add 
dissolves tolerably easily in ether. It melts at 100®, and on 
increasing the heat begins to lose its water of crystallization, 
which is driven off completely at about 130®. The anhydrous 
acid melts at 153® — 154®, and decomposes at 175® into water and 
aconitic acid. On dry distillation citric acid decomposes into 
carbon dioxide, acetone, and two isomeric acids, itaconic and 
citraconic acids, CgH^O^, which are likewise produced wh'eh citric 
acid is heated under pressure with water or with a dilute 
acid. ^ 

V Cmnpt, Bend, 12^2, 
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When oxidized with manganese dioxide and dilute sulphuric 
acid, or with an acidified solution of potassium permanganate, 
carbon dioxide and acetone are formed.^ If chlorine be led into 
an aqueous solution of citric acid exposed to sunlight, hexchlor- 
acetone is produced, whilst a solution of the sodium salt 
similarly treated yields pentachloracetone.^ Bromine has no 
action upon a solution of the acid,^ but when the sodium salt is 
thus treated, pentabromacetone is formed.^ When citric acid is 
fused with caustic potash, two molecules of acetic acid are 
formed to one molecule of oxalic acid (Liebig) : 

CeH,K 30 , + KOII = 2C3H3KO3 + C,K, 0 ,r 

Citric acid when heated with syrupy phosphoric acid decom- 
poses into water, carbon monoxide, carbon dioxide and acetone : 

= C3HeO + 200 ^ 4 - CO + H^O. 

Concentrated sulphuric acid produces a similar decomposition, 
but carbonization also occurs, and sulphur dioxide is evolved * 

Citric acid is used for domestic purposes and for the prepara- 
tion of lemonade and other cooling drinks. It likewise finds 
employment in medicine, and in dyeing and calico-printing, 
where it is frequently replaced by the lemon-juice. 


The Citrates. 

768 The salts of citric acid have been made the subject of 
careful examination by a number of chemists.® 

N(yi^mal Fotassittm Citrate, + Rfi, crystallizes in 

glassy needles, which have an alkaline taste, are deliquescent, 
and do not dissolve in absolute alcohol (Heldt). 

Monacid Potassium Citrate, C^H^OyK^, dissolves readily in 
water, has a pleasant sour taste, and forms monoclinic crystals 
(Heusser). 

lhacid Potassium Citrate, C^HyOyK + 2H2O, crystallizes in 
large transparent prisms, which have a sour taste and are 
permanent in the air. 

J P4an de St. Gilles, C<nn.pL RefKd, zlyii. ^54. ♦ 

» StWel*, Ann, Chem, Pharm. cxi. 299. ®«Cloez, ib, cxxiL 116, 

< Gnmaux, C(mpt, lUnd. Ixxviii. 1442. 

» Vangel, Bet, Deutaeh, CUm, Gea, xiii. 366. 

« Berzelius, Pogrgf. Ann, xxvii. 281 ; xlvii, 309 ; Liebig, Ann, Pharm. y, 184 ; 

* H^ldt, ib, xlvii. 167 ; Kammerer, ib, cxlviii. 294 ; clxx. 
176 ; Heusser, Pogg, Ann. Ixxxviii. 121 ; Landrin, Canipt. Bend, Ixxxvi. 1336. 
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The citrates of sodium and ammonium also dissolve easily 
and crystallize well. 

Normal Calcium Citrate^ + 4H2O. When a 

solution of normal sodium citrate is decomposed by the addition 
of calcium chloride solution, a thick white precipitate is quickly 
formed, which becomes ciystalline by boiling. When one of the 
solutions is in excess, or if the liquids are very dilute, the pre- 
cipitate is formed only on boiling. A solution of citric acid when 
treated with an excess of lime-water yields a precipitate only on 
heating, and this in part redissolves on cooling, as it is more 
soluble in cold than in hot water. According to Wariington, 
one part of the crystalline salt dissolves at 14 ® in 1180 , and at 
90 ® in 1730 parts of water.^ The amorphous salt is more easily 
soluble, a fact already observed by Liebig. 

Calcium citrate dissolves readily in acids, even in acetic acid. 
If ammonia be added to this solution, the salt separates out 
again slowly but completely in the cold (Warrington), whilst on 
heating the precipitate makes its appearance at once. 

Acid Calcium C^H^OyCa + HgOjis obtained in glisten- 

ing plates, when a solution of the normal salt in citric acid is 
evaporated. It is decomposed by water. 

Normal Barium Citrate, (CQH 50 y) 2 Ba 3 . When baryta-water 
is added to a solution of citric acid, or barium chloride to a solu- 
tion of a normal citrate, an amorphous precipitate is formed 
which is somewhat soluble in water and has the composition 
(C6H{j07)2Ba3 -h THgO. The same salt is obtained when barium 
acetate is used ; but when this is added in excess and the 
mixture heated in a covered vessel on the water-bath, the pre- 
cipitate after some hours becomes dense and crystalline, and has 
then the formula 2(0QH507)2Ba3 + THgO. This consists of 
microscopic glistening, clino-rhombic prisms, the form of which 
is so characteristic that this reaction serves for the detec- 
tion of citric acid in fruit, juices, &c. The solution must not, 
however, be too dilute, as in this case it yields on heating the 
salt (C0H5O7).2Ba3 -|- SHgO, which separates in needles.* 

Normal Magnesium Citrate, (C!5H507)2Mg3 + I4H2O, is ob- 
tained in crystalline crusts when a solution of citric acid not quite 
saturated with maghesia is evaporated at 50 ®. It is readily soluble 
in water, and hasa'tnuch less unpleasant taste than Epsom salts,^ 

^ Joum, Chem» Soe, 1875, 939. 

3 Kfimmerer, Fresenim' Zeitaeh, vii^ 298. 

* Ann, Chim, Phys, [5], xxv. 233. 
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and hence it is used as a mild purgative. A mixture of this 
salt with acid sodium carbonate, citric acid and sugar, which has 
been rendered granular by moistening with alcohol and redrying, 
forms the Magnesia citrica effervescens of the Fharmacopceia. 

Ferric Citrate^ + GH^O, is obtained by dissolving 

freshly precipitated ferric hydroxide io citric acid, and gently 
evaporating the solution to the consistency of a syrup. It dries 
up to an amorphous mass usually consisting of thin hyacinth^ 
red scales, is readily soluble in water, has a slight taste of iron, 
and is used in medicine. The similar hydrated double salt, 
(C0H5O7)3Fe2(NH4)3, is also officinal. 

When ferric hydroxide is dissolved in the right proportion in 
a solution of ammonium citrate, and this then evaporated, reddish 
brown crystals are obtained of the salt, [C3H507(NH4)2]4Fej(OH)2 
+ 4H2O. If, however, the ferric hydroxide be added in excess, 
amorphous scales are formed. Landrin has proposed the use of 
the crystalline salt for medicinal purposes, as the iron citrate of 
commerce contains a very variable quantity of iron.- He has 
also prepared a series of double salts with other metals.' 

Silver Citrate, CgHgOyAgj, is a white precipitate which 
gradually becomes crystalline, and on boiling with water decom- 
poses with separation of silver. When heated in a stream of 
hydrogen to 100°, it decomposes with separation of water into 
citric acid and argent ous citrate, 2CgH507(Ag2)3 + H2O, a brown 
powder, which dissolves slowly in water with a red colour, 
and is decomposed by potash solution with separation of silver 
tetrantoxide (Vol. II., Part I., 367 ).^ 

Silver citrate dissolves in Ixuling citric acid, and on cooling 
the acid salt, crystallizes out in rhombic tablets.® 

769 Beactions of Citric Acid, This acid is distinguished from 
tartaric acid by being optically inactive, and by not giving, on 
heating, the smell of burnt sugar, but yielding a vapour having ' 
a penetrating odour. Moreover, when lime-water is added in 
excess to its aqueous solution a precipitate is formed only when 
the solution is boiled, whilst tartaric acid produces a precipitate 
in the cold, and malonic acid gives no precipitate under these 
circumstances. Calcium citrate is insoluble in caustic alkalis 
whilst the tartrate readily dissolves (p. 225 ). The barium salt 
is also charaoteristic of citric acid (p. 434 ). When 1 part 

^ Ann, Chi^ Phys, [5], xzv. 238. 

* Shier, Ann, Chem, Pharm. xxx. 2. 

’ Ronnefahrt, Johttuh, 1876, 562. 
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of citric acid is heated with 6 parts of ammonia for six 
hours in a closed tube to 110"^ — 120*’ and then poured into a 
shallow vessel and exposed to lights it becomes coloured blue in 
a few hours, and after some days this changes to green.^ Citric 
acid is frequently adulterated with tartaric acid. In order to 
detect such an adulteration the concentrated solution is heated 
with potassium acetate, an equal volume of strong alcohol added, 
and the mixture well stirred, when, if tartaric acid is present, 
cream of tartar soon separates out.* If a quantitive determina- 
tion be required, twice the volume of alcohol of 95 per cent, is 
added, the precipitate filtered off after an hour’s standing, and 
this then washed with a mixture of water and twice its volume 
of alcohol. The filtrate is precipitated with lead acetate, and 
the precipitate after washing with 50 per cent, alcohol is decom- 
posed by sulphuretted hydrogen. The citric acid can then be 
titrated with standard soda,* or it may be converted into the 
barium salt and this analysed.^ 

Ethereal Salts op Citric Acid. 

770 Nm^mal MctKyl Citrate, 0^11507(0113), is obtained when 
hydrochloric acid is led into a solution of citric acid in methyl 
alcohol, the solution being warmed.^ It forms triclinic crystals 
which melt at 78®*5 — 79°, and it boils at 270° — 273° with partial 
decomposition into water and methyl aconitate. When heated with 
acetyl chloride, methyl acetocitrate, C3H4(0C2H30)(C02,CH3)3, is 
obtained, a colourless liquid boiling at 280° — 282°. When phos- 
phorus pentachloride acts on methyl citrate, this is transformed 
into methyl chlcn^tiHcariallylate, C3H4C1(C02CH3)3, a thick, oily 
liquid, which on heating splits up into hydrochloric acid and 
methyl aconitate.® 

Dimethyl Citric Acid, 03Hg07(CH3)2, and Methyl Citric Acid, 
0311707(0113), are also formed in the preparation of the normal 
salt, and are likewise produced by the action of citric acid on 
methyl alcohol, but as yet they have not been prepared pure. 
The calcium salt of the first is soluble in alcohol ; whilst that 
of the second acid does not dissolve in this menstruum.^ 

* Sabanin and Laskowsky, FreaenviLS* ZeUach, xvii. 74. 

* Spiller, Joum, Ckem, Soc, x. 110. 

3 Fleischer, Freaenituf Zeitsch. xiii. 328. 

4 Creuse, Jahreah. 1873, 970. 

* St Evre, Compt» Smd, xxi. 1441. 

® Hunacus, Ber. DeaUseh, Chm, Oe$, ix. 1749.' 

7 Demondesir, Corr^yt. Revd. xxxiii. 227. 
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Normal Ethyl Citrate, 0^1150^(02115)3, was obtained by 
Th^nard^ and Malaguti* by beating citric acid with alcohol and 
sulphuric acid. It is better prepared by saturating a solution 
of citric acid in alcohol with hydrochloric acid.® It is a thick 
odourless liquid, boiling at 283 “, and possessing a very bitter 
taste. When treated with sodium amalgam and a little water, 
salts are produced of diethylcitric acid and ethylcitric acid 
(Claus). Heated with alcoholic ammonia in a closed vessel, a 
deep green or blue solution is obtained.* 

Ethyl Acctociirate, C3H4(0C2H30)(C02.C2H5)3, is obtained by 
the action of acetyl chloride on the normal salt, and is an oily 
liquid, which for the most part distils without change at 388 ®.® 
Tetraethyl Citrate, C3H4(0C2H5)(C02.C2H5)3, is obtained by 
the action of sodium and ethyl iodide on the normal salt. It 
is an oily liquid, having a pleasant smell and a slightly titter 
taste. Under ordinary pressure it boils at 290 ® with consider- 
able decomposition, but it boils without alteration at a reduced 
pressure.® 

Nitroxycitric Acid, C8ll4(N03)(C02H)3, is formed wtien anhy- 
drous citric acid is introduced into a mixture of 1 part of 
fuming nitric acid and two parts of sulphuric acid. It forms 
crystals which are readily soluble in water. On evaporating 
the solution, even in a vacuum, decomposition takes place.^ 


Aconitic Acid, C 3 H 3 O 3 . 

771 This acid was discovered in 1820 by Peschier ® in Acomtum 
Napelhts and A, paniculatum, and was then further examined 
by Buckner® and Dahlstrom.^® In 1828 Braconnot found in 
Equieetum fiaviale, E. hyemale, etc. an acid to which the name 
of equisetic acid was given, and this according to Hegnault, who 
prepared the acid from E, limomm, is identical with maleic acid.^^ 


J Soc, d'Armeil, ii. 12. a Ann. Chim. Phys. Ixiii. 197. 

Heldt, Ann, Chem, Pharnu xlvii, 195 ; Pebal, ih. xcviii, 67 ; Claus, Ber, 
Veu^ch, Ch/sm, Gta, viii. 867 ; Conon, ih, xii. 1653. 

J Kammei-er, Ber. Dmtsch. Ch&m. Oes. viii. 732. 

® Wislicenus, Ann,, Chem. Phamx. cxxix. 192. 

® Conen, Ber. Deutsck. Cfiern. Oes, xii. 1654. 

' Champion and Pellet, BtUl. Soc. Chim. [21, xxiv. 448. 

Trommsdorff, Neu Jmm. Pharm, y., 1 , 93 ; viii. 1 , 266. 

BfpeTt,Pluirm. )xiy. 145. w chim. Phys. ( 3 ) xxx. 312. 

w Ann, Chxm, Phys, [2], xxxix. 5. w ^2], Ixii. 208. 
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Baup^ then obtained dtridic cLcid by heating citric acid, and 
this 'was considered by Berzelius to be identical also with 
aconitic acid, the correctness of this view being afterwards 
ascertained by Crasso.® The identity of equisetic acid and 
aconitic acid was afterwards established by Bauo** and 
Dessaignes.^ 

Besides its occurrence in the above-named plants, aconitic 
acid is also found in Delphinmm cortsolida,^ Adonis vernalis^ 
Achillea millefolia^ in the beetroot,® in ordinary sugar-cane,® 
and in Sorghum sugar-cane. ^® 

Preparation. Aconitic acid is best prepared from citric acid. 
For this purpose the acid is heated in quantities of 100 grams 
in small flasks until the exit tubes (which are about 0*5 m. long) 
are covered with oily drops. The fused contents of the flasks are 
then poured into a shallow basin, and 15 grams of water 
added for every 100 grams of acid taken. The basin is heated on 
the waterrbath until the residue solidifies on cooling ; this is then 
powdered and treated with ether free from water and alcohol, 
when most of the unaltered citric acid remains behind. Aconitic 
acid is obtained from the solution by evaporating off the ether, 
and it is then pnrified by recrystallization. Another method is 
to pass hydrochloric acid for a day through citric acid heated 
to 140°, the product being then treated as above.^® 

Properties. Aconitic acid dissolves readily in water and is 
still more easily soluble in alcohol. It crystallizes in small 
four-sided plates, which melt at 186° — 187° with decomposition 
(Behr). As already stated, it combines with hydrogen to form 
tricarballylic acid (p. 428), whilst with hypochlorous acid it yields 
dhlorcitric acid, C 3 H 4 Cl( 0 H)(C 02 H)j„ a syrup which on heating 
with water, or more readily with milk of lime, is transformed 
into oxycitric acid, €3114(011)2(00211)3 ; this latter is a viscous 
deliquescent mass, the calcium salt of which is a difficultly 
soluble crystalline powder (Pawolleck). 

Aconitic acid is a strong tribasic acid. Its salts have been 
examined by Baup, Buchner, and Guinochet.^® It is dis- 

^ Ann. Chem. Phann. xix. 29 ; xxix. 169. ^ Jb. xxxiv. 56. 

* Ib. Ixxvii 293. * Compt, Mend. xxx. 432. 

* Wicke, Ann. Chem, Pharm. xc. 98. 

® Linderos, Ann, Chem. Phann. clxxxii. 365. 

^ Hlasiwetz, Jahresb. 1857, 331. 

” Lippmaon, Ber. Deutsch. Chem. Oes. xii. 1650. 

* Belir, ib. x. 351. Ber. Deviseh. Chem. Gee, xv. 1763. 

Pawolleck, Ann. Chem. Phann, clxxyiii. 153. 

Hunaeus, Ber. Dmtach, Chem. Ges. ix. 1761. ' 

** Compt. Mend. xcir. 455. 
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tinguished from citric acid by its ready solubility in ether, and 
also in that bn treating with an excess of lime-water and boiling 
it yields no precipitate ; calcium aconitate, -f GHgO, 

forming small crystals soluble ail6® in 99 parts of water. 

Ethyl AconitcUe, is obtained by the action of 

liydrochloric acid on an alcoholic solution of the acid, and forms 
an oily liquid having an aromatic smell, and boiling at 275V 
This compound is also produced when normal ethyl citrate is 
heated with phosphorus trichloride, * this formation correspond- 
ing exactly to the conversion of the ethereal salt of a 
monobasic oxyacid into one of the acrylic acid series (p. 401). 


Pyrocitric Acids, 

772 By the dry distillation of citric acid, Lassaigne in 1822 
obtained a new acid which he termed acide pyrocitriquc,^ Baup 
then found that the distillate contains a second isomeric acid, 
and to this he gave the name of acide ciimcique, whilst he 
designated Lassaigtieb acid (being the first discovered) as acide 
citribique, and to a third acid, contained in the residue, the name 
acide citridique (p. 438) was applied.^ 

The existence of Baup’s volatile acid was questioned by 
Liebig,® but Crasso, who made this matter the subject of a new 
investigation, found that these tliree acids are in fact formed 
when citric acid is heated. He determined the conditions 
under which the formation of these acids takes place, and 
showed that the third acid is first formed, and that it is identical 
with aconitic acid. By the dry distillation of this he obtained 
Baiip’s new acid, for which he proposed the pyToaconitic acid,, 
or itacmic acid, which latter name is formed from that of aconitic 
acid by a transposition of its constituent letters. By heating 
this latter acid he obtained Lassaigne's acid, and this he termed 
citraconie acid.^ This last, as Gottlieb has shown, is trans- 
formed by boiling with dilute nitric ^id into a new isomeric 
acid, which he termed mesaconic add!^ 

Each of these three acids on treatment with sodium amalgam 
yields pyrotartaric acid (p. 253), but when united with bromine 

^ Mercadante, Jmm, PraJet, CK&m, [2], iii. 356. 

> Conen, Ber, DerUsch, Chem, Gea, xiL 1655. 

’ Ann, Chim. Phys, xxi. 100. 

^ Ann. Chem. Pharm, xix. 29 ; xxix. 169. ” Ih. xxvi. 120. 

® Ann, Chem. Phafm. xxxiv. 53. Ib. Ixxvii. 268. 



440 ^ ITACONICAOnX 

J 1- W;v- --r - ~. 

they form ^ree different dibrompyrotartoib W With 
hydrobromic acid, on the other hand, the^ two last acids give one 
and the same monobrompyrotaftan^ aJ^id, wliilst itaconic acid 
yields one different from theae.^ 

773 itaconic Add. When citric acid is ^heated it } splits up, 
as has already been described, yielding water and aconitic acid. 
This latter acid on heating tp 200® — :g20® gives a distillate which 
separates into two layers, the "bne heavy and oily and the other ’ 
lighter and aqueous. When these a^e mixed, heat is evolved 
and a crystalline mass is- formed, saturated with an oily liquid. 
The crystals consist of itaconic acid, whilst the oily liquid is 
citraconic anhydride.^ Their formation is explained as follows. 
The aconitic acid decomposes in the first place (probably with 
a preliminary transformation into anhydride) into water, carbon 
dioxide, and the anhydride of itaconic acid : 

CAOa = Hp + CO, + C,H,03. 

This last is transformed on distillation in part into citraconic 
anhydride, which combines with water but slowly in the cold, 
whilst itaconic anhydride is readily converted into the acid by 
contact with water. The distillate also contains a considerable 
quantity of acetone, which is formed from the citric acid 
according to the following equation : 

CH2.CO2H CH3 

i(OH).CO.OH = to + H,0 + CO + 200 ,. 
i!H,.CO,H CH, 

Itaconic acid is also produced when aconitic acid is heated 
with water to 180®,^ or when citric acid is heated to 160® with 
pure water or water acidulated with sulphuric acid.® It is, how- 
ever, best obtained from citraconic anhydride, the preparation of 
which will be described later. The anhydride .,is heated in a 
dosed tube with twice or thrice its volume of water for six to 
eight hours to a temperature of 160®, the itaconic acid is allowed 
to crystallize out from the solution placed for this purpose in 

^ RekuU, Ann, Chem. Pharm. Supjpl. i. 888 ; ii. 94. 

^ Fittiff and Landolt, Ann. Chem. Pharm. clxxxviu. 71. 

* Anschutz, Ber. DniUseh. Chem. Gee. xiii. 1541. 

^ Pebal, Ann, Chem. Pharm. xcviii. 94. 

. Markownikow and Purgold, Zeiisch. C%m.'1867, 264, 
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wheif ihe mother-liquor will yield no more 
cryM^ k^ agidn treated with water as already described.^ 

Itac^il^ acid x^talli^^ pyramids or tables, which 

melt and dissolve at RO^.in 12 parts of water. It 

dissolyjE^fpo^e ea^ly alcohol and i# also soluble in ether. By 
electro!}^ of its calcium salt it is decomposed^into hydrogen, 
carbon ^ioxide, and Iso-allylene, injaddition to acrylic acid and 
mesaconic acid which also are formed.^ 

774 Itacoma AnhydriitSi^f^^ is obtained, as has already been 
stated, as a product of the distillation of citric acid, and it is also 
formed when itaconic acid is warmed with acetyl chloride. It 
crystallizes from glacial acetic acid in transparent prisms, *which 
melt at 68^ Under a diminished pressure of 30 mm. it boils at 
189® — 140®, the boiling point of citraconic anhydride being 
lower than this. On distillation under ordinary pressure itaconic 
anhydride is transformed into the last-named compound.® That 
this decomposition is not completely effected in the distillation 
of citric acid is explained by the fact that by means of the 
carbon dioxide, which is evolved in large quantity, it is carried 
over before it attains the temperature necessary for its decom- 
position. This also explains the observation of Crasso, that the 
yield of itaconic acid is the larger according as the distillation 
of the citric acid is the more rapidly conducted and as the retort 
is the more protected from the heat.* 

It(ichlorpyrotartaric Acid, C5H7CIO4, is formed by heat- 
ing itaconic acid with fuming hydrochloric acid to 130®. It 
crystallizes from water in warty masses, which melt at 
140® — 146®, and on heating to 150® in a stream of dry air it is 
converted into the anhydride. When heated with water, hydro- 
chloric acid is given off and the first product is paraconic acid, 
C5H0O4, which is also obtained by the action of silver oxide, 
and is a crystalline mass melting at 70®, and yielding citraconic 
anhydride on distillation. Together with this, itayi^cUic acid^ 
C5H7(0H)04, an homologue of malic acid, is always formed. 
The alkalis and alkaline-earths effect this change much more 
quickly, whilst ammonia splits up the chlorinated acid into 
hydrochloric and mesaconic acids.® 

^ ^ Willm, Ann, Chem, Pharm, cxli. 28 ; Aarland, Jounk Prakt, Chem, [2], 
' vi. 262 ; Fittig and I^andolt, Ann, Chem, Pharm, clxxzviii. 71. 

> Swarts. Zeitei^, Chvm, 1866, 721. 

* Anschiitz and Petri, Per, PtvAech, Chfftn, Oee, xiii. 1689. 

* Anschutz, Ber, Deutach, Chem, Gee, xiii. 1541. 

” Swarts, ZeiUeh, Cnem, 1866, 721. 
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liahrompyrotariitric Aciil, OJLBrO^, is obtained by heating 
itaconic acid ^vitll liydrobromic acid (Swarts), or by allowing it 
to stand for soino days in contact witli liydrobroBiic acid 
saturated atO“,and sliaking the mixture from time to time. ^ It 
is readily solidile in water and forms small, monocliuic crystals, 
wliicli melt at When lieated fer some hours with water, 

itamalic acid is fonned, whilst at the same time a portion is 
reconverted into itacoiiic a<*id. The same i)roducts arc quickly 
obtained when sodium carbonate or calcium carbonate is added. 

Iknnalic Acid, crystallizes in long very tleliquescent 

needles, wdiich melt at and on distillation it Flecomposes 
into Water and itaconic acid or citraconic anhydride.'*^ 

ChlorUainaiic Acid, C^-HyClOr^, is obtained by acting with 
clilorine on a solution of itaconic acid or of its sodium salt,^ 
and forms glistening mouoclinic crystals which dissolve readily 
in water. 

775 Add, C,lIj.'Br.^ 0 .j, is formed by the 

direct union of bromine and it:iconic acid and ciystallizes in 
crusts readily solubh; in water.^ When boiled with w^ater and 
an excess of sodium (*nrbonate, the sodium salt of aconic acid, 
( t is obtained, which crystallizes in thin plates. If this 

be tlien decomposed wdth dilute sul])huric acid and extracted 
with ether, the acid is obtained after evaporation of the ether 
iji characteristic tufts of long jdates having a satiny lustre. It 
separates from water in glistening rhombic crystals, which melt 
at KJ-i'’. It is a monobasic acid, but on boiling with baryta- 
water, the barium salt is obtaine^l of the liquid dibasic acid 
oxjjUaconic add, Cdl^.Or,, a compound wdiich has not been fur- 
ther examined. By the continued action of baryta-water the 
acid is sjdit up into formic and succinic acids. Aconic acid is 
not attacked by acetic anliydrido.^^ It docs not combine with 
bromine at the ordinary temperature and it is decomposed when 
heated wdth bromine." The constitution of this compound and 
of the otliers belonging to this group wall bo discussed hereafter. 

Italartaric Add, C;-,H^.(OTi)/.)^, is produced by acting with 
silver oxide on a solution of itadibrompyrotai'taric acid,^ or by 

^ and Laiulolt, Ann. Chem. Phnna. cl.w'xviii. 71. 

“ S\vart.s, Zc.ifarh. {Uwm. 1S()7, 0*48 ; Fittig and Laiidolt, loc. cU, 

S warts, JnJi/r.sb. 1873, 583. 

'* JMov{|h'ski, Jouni. Prakt, Vhem. [2], vii. 158. 

•' Ki’.kuli*, Ann. Vhem. PhfU'in. Siippl. i. 339. 

Moillv, A 7171. Clurm. Vhai'ni. tdxxi. 1.53. 

' Wi.di'fllnms, ih. .dxxi. 182. 

^ Ki'kult', Ann. ChoH.. Plun'in, Suj)[d. i. O’lG. 
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boiling qlilor-itamalic acid Avitli causiic linio.i It funas a glassy 
deliquescent mass, but many of its salts crystallize well. The 
calcium salt ^C^HgO^jCa + HJ3, is a difficultly soluble crystalline 
precipitate. 

776 Giirojconic ]u*epare this, about JOO 

grams of citric acid are subjected to dry distillation ; from the 
distillate the citraconic anhydride formed is separated by 
repeated acid rectification, and this in contact with water 
gradually combines to form tlie acid.- 

(fitraconic acid forms monoclinic delicpu'scimt prisms which 
dissolve at the ordinary temperature in less than half tlufir 
weiglit of water. On ‘distillation, the acid decomposes again 
into water and the anhydride, hut it volatilizes with moderate 
ease in a current of steam whilst on heating with water to 
120° it is transformed into itaconic acid. Its pt)tassium salt 
yields on electrolysis allyleiie, together witli but little acrylic and 
iiicsacoiiic acids (Aarlaiid), 

Citraconic Aukudridc, Cbll^O.., is a, colourless heavy liquid 
which boils at 213° — 214°. 

CitraclUorpyrotarta C^H^CIOj, si‘parates out gradually 

when citraconic anhydride and fuming liydrochloric acid are 
allowed to stand together. It crystallizes fiom warm water in 
glistening tables or plates wJiich melt at 12!) V' When heated 
with sodium carbonate solution it dccomposiis into liydrocldoric 
acid, carbon dioxide, and methacrylic acid, ( (p. 40()). 

Arid^ (MI-BrOp is ibrn'uid by the 
union of the a(?id or its a.nhydri<le in tin* cold witli fuming 
hydrobi’omic acid, and forms trans])arent well-fonncd crystals 
belonging to the moiiorJinic system, wliieh melt at 148° (Fittig 
and Landolt). Wlien boiled with a solution of carbonatxi of 
soda it yields methacrylic acid, and when its silver salt is 
heated with water to 130° it splits up into carbon dioxide, silver 
bromide, and allylone.'* 

Citramalic Acid, {a-H-(()II)0.p is obtained by the action of 
zinc on an aqueous solution of chlorcitiamalic acid,'* and forms 
largo crystals wliich melt at 110°, and on distillation split up 
into water and citraconic aidiytlride.^' 

^ Morawski, Jouni. Pmkt, Chr,n. |‘21, xi. 450. 

* Fittig aii(l Laiulolt, shin, Cfinn. Plutrni. (Uxxxviii. 71. 

Swai-ts, Zciliich. Chem, 18(50, 721 ; Fittig aiul I.aiulolt, Ann. Ch'm. Pkarm, 
clxxxviii. 83. •* Bourgoiu, Unit. >SW. Chhu. xxviii. 45!(. 

•'* (bavins, Ann. (Aion. Plmmi. rxxix. UJO. 

^ Morawski, Jnhrcsh '. 1878, 721. 
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Chlorcitramalic Acid, 05HgCl(0H)04, is produced by acting 
with hypochlorous acid on a citraconate,^ or by leading chlorine 
into a solution of citraconic acid or its sodium salt.* Mesaconic 
acid also is transformed in this way into chlorcitramalic acid.^ 
It dissolves readily in water and forms glistening crystals 
which melt at about lOO"*. When boiled with an excess of 
baryta-water it is transformed into oxycitraconio acid, 
€5115(011)0^, which crystallizes in fine prisms and unites with 
hydrochloric acid at 100° to form isochlorcitramalic acid. This 
forms tables which melt at 160°, and is probably chlonnesavialic 
acid. 

Gitratartaric Acid, 0.5114(011)204, wsfe obtained by Cavius by 
mixing barium chlorcitramalate with baryta-water, evaporating 
at 100,° and decomposing the residue with sulphuric acid. It 
is also formed when 1 part of clilorcitramalic acid is heated 
with 10 parts of water to 100° for twelve hours (Morawski). 
On evaporation it remains as a syrup which gradually becomes 
crystalline. 

Citmdihmipyrolartanc Acid^ C5H5Br204. Bromine unites 
readily with citraconic acid in the cold forming this acid, which 
forms fine crystals that melt at 150° and dissolve easily in 
water. When boiled with water, or with sodium carbonate 
solution, it splits up into carbon dioxide, hydrobromic acid, 
brommethacrylic acid, and pTopionaldehyde.** 

777 Mesaconic Acid, C5H6O4, was obtained by Gottlieb by 
warming citraconic acid with dilute nitric acid, and he also 
pointed out that it cannot be obtained by a similar treatment of 
itaconic acid.^ Its salts were then examined by Pebal.® Baup 
also examined tliis acid and termed it acidc citracartique (from 
acidc citmeonique and ars),^ 

It is also produced when citraconic acid is warmed with 
hydriodic acid (Kekulc), hydrochloric acid (Swarts), or hydro- 
bromic acid (Fittig) ; or when the acid or itaconic acid is 
heated with water to 180° — 200°.* For its preparation a 
mixture of 2 parts of citraconic anhydride, 2 parts of water, 
and 3 parts of nitric acid of sp. gr. 1074 is evaporated until 

^ Garins, Ann. Chem. Phami. exxvi. 201 ; cxxix. 164, 

“ Gottlieb, ib. clx. 101. 

3 Morawski, Joiirn. Frakt, Chem, [2], x.- 79 ; xi. 466. 

4 Fittig and Knisemnrk, Ann. Chein. Pharm, cevi. 1. 

® Ann. Chem, Pharm. Ixxvii. 268. ® Ih. IxxYiii. 129. 

7 Ann. Chim. Phys. [3], xxxiii. 192. % 

* Swarts, Jahresb. 1873,579. 
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red fumes are evolved, and the acid which separates out on 
cooling is re-crystallized from hot water (Fittig and Landolt). 

Mesaconic acid crystallizes from water in fine needles and fro/n 
alcohol in transparent prisms ; it melts at 200®, and at a higher 
temperature volatilizes, without forming an anliydride, and yields 
a vapour having an irritating odour. One hundred parts of water 
dissolve 2*7 parts of the acid at 18®, and 117*9 parts at the 
boiling point (Pebal). Its potassium salt yields on electrolysis 
the same products as are obtained when potassium citraconate 
is similarly treated (Aarland). The acid unites with fuming 
hydrochloric or hydrobromic acid when heated, producing the 
corresponding derivatives* of citraconic acid (Fittig and Landolt). 

Mcsadihrompyrotartaric Acid, CjjHgBr204, is formed by the 
direct union of bromine with mcsaconic acid, heat being 
required to effect the combination. It forms warty crystals and 
is less soluble in water than citradibrompyrotartaric acid 
(Kekule, Fittig, and Landolt). When boiled with water it 
decomposes into hydrobromic acid and the anhydride of brom- 
citraconic acid, whilst at the same time some propionaldehyde 
is also produced. If, however, it bo boiled with a solution of 
sodium carbonate, it yields the same products as citradibrom- 
pyrotartaric acid does, together with isobrommcthacrylic acid 
(Fittig and Krusemark). 

778 The ComtihUioti of the Pyrocitric Acids, When the 
properties of citraconic and mesaconic acids, are compared with 
one another, it is evident that these bodies stand in the same 
relation to one another as fumaric and maleic acids do ; differing 
from these latter by containing a methyl group in the place of an 
atom of hydrogen. Their isomerism therefore may be explained 
by a difference in the arrangement of their atoms in the mole- 
cule (p. 214), or the supposition of Fittig may be adopted, that 
as citraconic acid forms additive products readily in the cold, it 
contains free combining units, whilst in mesaconic acid these do 
not exist, thus leading to the following formulae : 


Citraconic Acid. 

CH3 

Ah-CO^H 

==A.C02H. 


Mesaconic Acid. 


acOjjH 

II 

CH.CO2H. 


Itaconic acid is 'listingnished firom these inasmuch as on 
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decomposition it yields isoallylene but no allylene, and con- 
sequently does not contain a methyl group. Its constitution 
will therefore be represented by one of the following formulae : 

Itaconic Acid. 

cW, ' 

II 

C.CO»H 

I 

CH^COsjH. 


c!h.COjH 

6H*.COgH. 


Of these, Fittig considers the latter to be the more probable 
formula, as itaconic acid forms additive products as readily as 
does citraconic acid. It also explains in a simple manner the 
formation of monobasic aconic acid from itadibrompyrotartaric 
acid, whilst its properties of not combining with bromine in the 
cold and being unattacked by acetyl chloride shows that it con- 
tains no alcoholic hydroxyl. Baryta-water converts it into 
dibasic oxyaconic acid, which readily decomposes into formic and 
succinic acids. These observations lead to the following formulas ; ^ 


Itadibrompyrotartaiic Acid. Oxyitaconic Acid. Aconic Acid. 


CHBr^ 

Ah.co.oh 


CHj.CO.OH. 


CH.OH 

II 

C.CO.OH 

Ah2.co.oh. 


CH, 


(j.CO.OH 

I 

C.CO.OH. 


779 Crofaconic Acid, C3H^(C02H)2. This acid, isomeric with 
pyrocitronic acid, is prepared from /8-chlorcrotonic acid. The ethyl 
salt of this is heated with potassium cyanide and alcohol, when 
potcLSsium P-cyancrotomte, CH 3 .CHziC(CN)C 02 K, is obtained, 
which forms small hard crystals and is transformed by hydro- 
chloric acid into crotaconic acid. This latter exists in ill-defined, 
readily soluble crystals, which melt at 119® and decompose above 
130® into carbon dioxide and crotonic acid ^ : 


CH3.CH=:C(CC)2H)2 = CH3.CHz1CH.CO2H + CO2. 

Xeronic Add, CgHjgO^. The anhydride is formed as a by- 
product in the preparation of citraconic anhydride, and is also 
obtained in smaller quantity on distilling this substance, also, 

^ * Ann, Chem, Pharm, clxxxviii, 100. 

' ^ Clans and Wasowicx, .^ 9171 . Chem, Pharm, cxci. 83. 
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and in large amount, together with other bodies, when it is 
boiled some time : 

20511^03 + HgO = CgHj^Og + 2CO2. 

It is a peculiarly smelling liquid, but little soluble in water, 
possessing at first a sweet but afterwards a bitter taste, and 
boiling at 242 ''. When dissolved in ammonia, and calcium 
chloride added, a crystalline precipitate is formed of calcium 
x&i^onatc, CgHj^O^Ca + HgO, and this when treated with hydro- 
chloric acid does not yield xeronic acid, but is transformed 
again into the anhydride. It is fiom this behaviour that the 
acid derives its name dry, anhydrous). • 

The empirical formula of xeronic acid shows that it is homo- 
logous with citraconic acid, but it possesses properties very 
different from this, inasmuch as it does not combine either with 
nascent hydrogen or with bromine. 

On oxidation with solution of chromic acid it yields propionic 
acid. It must therefore be regarded as di-ethylfuinaric acid.^ 
Sulerocarhoxylic Acid^ or Mexenyl THcarboxylic Add^ 
03Hii(C 02H)3. By passing chlorine into fused suberic acid, 
mamchlormheric acid, 0(,HnCl(C02H)2, is produced as a syrupy 
liquid readily soluble in water and in ether. This is transformed 
into the above acid when heated with potassium cyanide 
solution and then boiled with potash. It forms fine glistening 
crystals.^ 

^ Roser, Ber, Deutach, Chcm, Ges, xv. 2012. 

^ Bauur and Groger, MoncUsch. Chcm, i. 610. 
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OF THE ACETYLENE SERIES 

Cj|H2h_2* 


780 'A general method for the preparation of this series of 
hydrocarbons consists in heating the haloid ethereal salts of the 
dyad alcohol radicals with alcoholic potash, when the reaction 
takes place in two stages : 


Ethylene Bromide. 
CHjBr 


I + 

CH,Br 


KOH 


'Bromothylene. ' 

CH» 

II + KBr + HjO. 
CHBr. 


Acetylene. 

CH» CH 

II + KOH = III + KBr + Hp. 

CHBr CH 

These hydrocarbons may be arranged in three classes 
(1) Those of the first class are the true homologues of acetylene, 
and contain, like it, carbon atoms trebly linked. They are ob- 
tained from the dibromides of those olefines whose constitution 
admits of a treble linkage of the carbon atoms : 

Methylacetylene, 

CH, CH3 

dlHBr = A + 2HBr. 

I III 

CHjBr CH 

Methyl-fithyl-acetYlene. 

CH8.CHBr.CHBr.C2H5 = CH8.C=C.C2H5 + 2 HBr. 


They are also obtained from the dichlorides formed by the 
action of phosphorus pentachloride on the aldehydes ; hepWde- 
hyde, CjHjjCOH, thus yields peniylacetyUne, CsH^iCsCfl. In 

^ Henry, Ber, DeiUsch, Clvcm, Oes, viii. 400. 
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the same way they are produced from certain ketones; thus 
methyl-ethyl-ketone yields ethyl acetylene : 

C2H5.CO.CH3 = C2H5.C=CH + HjO. 

The hydrocarbons of this class may also be obtained from 
acetylene; by the replacement of one or both atoms of hydrogen 
by alcohol radicals. 

Tho two hydrogen atoms of acetylene may readily be 
replaced by certain metals, such as silver and copper, and its 
homologues which contain the group, — C=CH, possess one 
hydrogen atom which admits of similar replacement. These 
may, therefore, be recognised by the fact that in ammoniacal 
solution they yield a precipitate with a silver salt or with 
cuprous chloride, whilst the hydrocarbons containing two 
alcohol radicals do not do so. 

(2) The hydrocarbons of the second class contain the group 
— HC—CIZCH — , and are derived from the haloid ethereal 
salts of olefines, or from those obtained from ketones, in which 
a treble linkage of the carbon atoms cannot occur. Thus 
amylene bromide yields dimethyUisoallylene : 

CH3V CH3V 

>CBr.CHBr.CH3 = >C=C=:CH2 + 2HBr. 

Q¥L/ CH3/ 


And the chloride obtained from di-isopropyl ketone yields 
tdramethyl-allylenc : 


CH3V yCH3 CH3. /CH3 

CH/ CH,/ 


2HC1. 


These hydrocarbons do not yield any metallic compounds. 

(3) The members of the third class contain two groups of doubly- . 
linked carbon atoms. The only member of the class yet known is 
cliallyl, C3H13, obtained by the action of sodium on allyl iodide, 
and having tho constitution CH2!IICH.CH2.CH2.CHIICH2. 
This also does not contain any hydrogen atom replaceable by 
metals. 

The hydrocarbons of the Cn C2n.2 series are also produced by 
the electrolysis of acids of the series Cn H2n^Q4 ; thus fumaric 
acid yields acetylene : 


CH.CO2H 

ilacOsii 


CH 

III + 200, + II,; 
CH 
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whilst itaconic add gives uoallyleM : 


CH, 


CH, 


C.CO*H = C . + 2CO, + H* 


A: 


H,.C02H 


CH, 


They are also found amongst the products of the dry distillation 
of various organic substances. 

These hydrocarbons unite with the elements of the chlorine 
group to form two classes of compounds, the first class being 
formed by the addition of two atoms of the chlorous element. 
The bodies thus obtained belong to the olefine type, and they 
again combine with two more atoms of the halogen. They 
behave similarly with the hydracids, the halogen combining 
with the carbon atom poorest in hydrogen. 


ETHINE COMPOUNDS. 

781 Acetylene, or Ethine, CgHg, was first examined by Edmund 
Davy, who obtained it by the action of water on the greyish-brown 
mass produced by heating carbonized tartar and charcoal powder 
together in a-n attempt to prepare potassium. He described the 
gas as a now hydrocarbon which he called klumene, but did not 
submit it to further examination, the mass from which it was 
obtained being considered by him to be a carburet of potassium.^ 

These observations were however quite forgotten until Berthe- 
lot re-discovered this hydrocarbon and gave to it the name of 
acetylene.* He obtained it by passing ethylene, or the vapours 
of wood-spirit, alcohol, ether, &c., through a red-hot tube. 
Berthelot also observed its existence in coal-gas, which, how- 
ever, contains only about 0’06 per cent. He found further, that 
it is produced when an induction-spark is passed through marsh 
gas, ethylene, or a mixture of cyanogen and hydrogen, and also 
when the vapours of ether, amylene, and other volatile carbon 
compounds undergo incomplete combustion. 

Synthem. By far the most important observation made by 
Berthelot on this- subject is, however, the synthesis of acetylene 

^ Ann, Chem. Pharm, zziii. 144. 

^ Ann, Chim, PhyB, [3]. Ixvii. 62 ; [4], ix. 4^8 ; xiu. 143 ; Brit,, Assoe. Rejh 
1836 (part 2), pp.* 62 — 64 ; Thomson, Records, iv. 1836, pp. 321 — 323. 
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which he effected by passing a powerful electric current between 
two carbon poles in an atmosphere of hydrogen. The apparatus 
which he employed is shown in Fig. 119. The glass vessel 0 
is closed by doubly-bored corks which carry glass tubes, the 
narrbw tubes (t t) serving for conducting hydrogen to and from 
the vessel, whilst through the wider tubes (T T) stout copper 
rods pass. One end of each of these is attached to poles of 
purified gas-carbon, the other end being connected with a 
battery of 50 Bunsen elements. The acetylene formed by the 
action of the electric arc, mixed with hydrogen, is passed into 
an ammoniacal solution of cuprous chloride, and the red insoluble 
copper compound thus obtained (which is more fully described 
further on), is then treated with hydrochloric acid, when acetylene 
is liberated.^ 



Another interesting fact respecting the formation and decom- 
position of acetylene has been recently noted by Berthelot. 

In the combination of carbon and hydrogen 61,100 units 
of heat are absorbed, so that the sudden decomposition of 
acetylene should cause a rise of temperature amounting to 
3000^ But this sudden decomposition cannot be effected 
either by heat or by means of the electric spark ; it can, how- 
ever, easily be brought about by exploding by the spark 0*1 
grm. of fulminating mercury in a volume of about 20 to 25 
cbc. of acetylene, when a violent detonation occurs and the 
acetylene is suddenly decomposed into finely divided caibon and 
its own volume of hydrogen,* 

Acetylene is likewise produced when the vapour of chloroform 
is passed over red-hot copper (Berthelot), or when chloroform is 

^ Ann. Qkim. Phys. [3], Izvii. 52. 

* Berthelot, Bull. Soe. Chim. xxxviii. 5. 

G G* 2 
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heated with sodium.^ It is formed also in the electrolysis of 
fumaric and maleic acids.^ 

78a Preparation. For its preparation ethylene bromide is 
allowed to ^fop slowly into a concentrated boiling solution of 
caustic potash in alcohol, the evolved gas being passed through 
a second similar boiling solution in order to free it from brom- 
ethylene.® According to Zeisel, the above treatment does not 
completely remove the latter compound, but this may bo 
effected by passing the gas over moderately-heated soda-lime.^ 



Fio. 120. 


Acetylene is moreover formed in large quantity when the 
vapour of ethylene chloride is passed over heated lime or soda- 
lime.® It is also produced abundantly in the incomplete combus- 
tion of coal-gas, as may be well shown when the flame of a Bunsen- 
burner “ bums down." ® If a large glass globe be held for a few 
minutes over the burner and then a few drops of cuprous 
chlonde poured over the inner surface of the globe a dark red 
film is formed on the sides of the vessel. To prepare the copper 

' Fittig, ZeUaeh. Chem. 1866, 127. * Ann. Chevn. Pharm. cxxxi. 85. 

^ Miasidkow, Ann. Chem. Pimrm. cxviii. 330 ; Sawitsch, ih. cxix. 184 ; Sabane- 
jew, ih. clxxviii. 111. ^ Jh. cxci. 872. 

® von Wilde, Jkrr. Dewtsch. Chem, Oea. vii. 852. v 
* Rieth, Zeiteeh. Chem. 1867, 598. 
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compound in larger quantity, the apparatus shown in Fig. 120 is 
employed, the products of combustion being drawn by means of 
^ an aspirator through a cylinder containing the ammoniacal copper 
solution. Since, however, a current of air accompanies the acety- 
lene the cuprous oxide soon becomes oxidized and the formation 
of the red compound ceases. A richer yield of this latter 
compound is obtained when an apparatus is used similar to that 
described by Berthelot.^ The burner, A A (Fig. 121), is connected 
with the brass tube, B B B, the downward bent portion of which 
is cooled in order to condense the water. This collects in F, 
whilst the gas is drawn through the cuprous solution by means 
of the aspiration of the Bunsen-puinp. The stop-cock, U, serves 



Fio. 121. 


to regulate the stream of gas, so that neither coal-gas nor air is 
in excess. This apparatus may be kept at work for many days ; 
every morning the current of gas is stopped for a quarter of 
an hour in order to allow the copper compound to settle. When 
sufScient quantity of the precipitate has been deposited in B, the 
flask is removed and replaced by a fresh one, and this in its turn 
by another flask containing the cuprous solution. The liquid is 
drawn off by means of a siphon, and the residue is washed 
repeatedly with distilled water until the ammonia is completely 
removed, as otherwise the moist compound quickly oxidizes. 
By treatment with hydrochloric acid ethylene is liberated, but 

^ yf'/i/u Chiiih* Phys, [5], x. 305. 
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this always contains a little chlorethylenc (Berthelot, Zeisel). 
By means of this apparatus Berthelot obtained in one night a 
quantity of the cuprous compound sufficient to yield four liters^ 
of acetylene. An improved form of the apparatus has been 
described by Jungfleisch.^ 

Berthelot gives the following process for the preparation of a 
solution best adapted for the absorption of acetylene. Cupric 
oxide is dissolved in cold commercial hydrochloric acid, and the 
solution is poured into flasks half filled with copper turnings. 
The liquid quickly becomes colourless and then commercial 
ammonia (well cooled by water) is added until the solution has a 
slightly acid reaction, after which the liquid is made alkaline with 
ammonia. All these operations must be quickly performed, and 
air excluded as much as possible. 

783 PropertuB. Acetylene is a colourless gas, possessing a 
peculiar unpleasant smell. Its specific gravity is 0*91. Cailletet 
has condensed it at + 1® under a pressure of 48 atmospheres, 
to a mobile highly refractive liquid,^ whilst Ansdell found that 
at 0 ® a pressure of 21 ’5 atmospheres suffices for producing the 
liquid, and that at this temperature it has a specific gravity of 
0*451.® Water at iS® dissolves its own volume of acetylene, 
whilst six volumes of absolute alcohol or glacial acetic acid 
are needed. When ignited it bums with a very smoky flame, 
and with oxygen it forms a highly explosive mixture. Ethylene 
is formed by the action of zinc and ammonia on the acetylene- 
copper compound, and when a mixture of hydrogen and acety- 
lene is brought in contact with platinum black, the two gases 
unite, forming ethylene.* 

Acetylene unites with haloid hydracids, first forming mono- 
substitution-products of ethylene, and these combine with a 
second molecule of the' acid, thus giving rise to ethidene 
compounds.® 

Concentrated sulphuric acid slowly absorbs acetylene, and 
w’hen this solution is diluted with water and distilled, croton- 
aldehyde (p. 403) passes over, the formation of which may be 
readily explained ; acetylene combining with water first to form 
acetaldehyde, and this then condensing to crotonaldehyde. 

^ CompU Mimd. xc. 364. 

^ Ctmpt, JUfiid, Ixxxv. 851. 

* Chem, News^ xl. 186. 

^ von Wilde, Ber, JDeutseh, Chem, Gea. vii, 353. 

® Berthelot, Arm, Ch&ni, P/iat'^n. cxxxii. 122 ; Bcb^ul, Ber, Beutseh, Chem, 
Oes, V. 326. 
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Chromic acid solution oxidizes acetylene to acetic acid, aldehyde 
being an intermediate product, whilst an alkaline solution of 
potassium permanganate transforms it into oxalic acid. 

When acetylene is brought in contact with mercuric bromide 
and water, it combines with the latter slowly in the cold, or 
more quickly on heating, forming acetaldehyde. The part played 
by the mercuric bromide in this reaction is not understood. 
With water alone, or in the presence of hydrobromic acid, 
no combination occurs.^ 

Although acetylene is formed from its elements at the tempe- 
rature of the electric arc, it is decomposed again by the passage 
of the induction spark (Berthelot). 

Acetylene is poisonous, combining with the hmmoglobin of 
the blood to form a compound similar to that yielded by carbon 
monoxide, but its poisonous action is less energetic than that of 
the latter body.^ 


Metallic Compounds of Acetylene. 


784 When sodium is gently heated in acetylene it becomes, 
covered with a thin white layer of CgHNa, and at a dark red 
heat this passes into a black mass of C2Na2. At the same time 
small quantities of ethylene and ethane are formed. When 
potassium is fused in acetylene the compound CgK^ is formed, 
and the mass becomes incandescent. All these compounds are 
acted upon by water with explosive violence, acetylene being 
again formed.^ 

Calcium AcetyUde^ CgCa, is obtained when an alloy of calcium 
and zinc is strongly heated with charcoal. It is decomposed by 
water into calcium hydroxide and acetylene.* 

' Cuprous Acetylide, CgCug + HgO. Quet observed that when 
the induction spark is passed into alcohol, or when its vapour is 
passed through a red-hot porcelain tube, a gas is formed which 
yields precipitates with ammoniacal cuprous chloride solution 
and silver solution, and that these products explode when 
heated or on percussion.^ Bdttger obtained similar precipitates 

> Kutscharow, Ber, Deutach, Chem, Ge$. xiy. 1540. 

Bistrow and Liebreich, Ber, BetUach. Chem. Gee. i. 220. 

3 Berthelot, Bull. Soe. Chim. 1866, y. 182 ; Ann. Chem. Fhami, cxxxix. 150. 

^ Wohler, Ann. Ch&rh. Pharm. cxxiy. 220. 

• CompUs Itcndus, xlvi. 003 ; Ann. Chem. Pharm. cviii. 116. 
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by passing coal-gas through these solutions, and he termed the 
red flocculent substance a copper-hydrocarbon compound, as it 
is converted by hydrochloric acid into a gaseous hydrocarbon 
and cuprous chloride.' Torrey then stated that as early as^ 
1839 he had found in the copper gas-pipes in New York a 
brown scaly deposit which exploded violently on percussion or 
when heated to 200®.* Berthelot was the first to examine this 
substance more minutely, and Crova pointed out that it is also 
formed when moist acetylene is brought into contact with 
metallic copper.* 

The preparation of this copper compound has already been 
fully described. It forms a dark red amorphous precipitate, which 
when dry explodes either on percussion or on heating to about 
100® — 120®, leaving behind a velvety black powder which con- 
tains charcoal and copper. When brought in contact with 
chlorine, bromine, or finely divided iodine, ignition takes place. 
The formation of this compound is so characteristic and 
delicate that according to Berthelot the presence of 0’005 mg* 
of acetylene can thus be recognised. 

The constitution of this compound has as yet not been ascer- 
tained. Berthelot gave to it the formula (C2HCu2)20, and 
termed it cuproso-acetyl oxide, ^ but Blochmann, on the other 
hand, found, as the result of very careful analysis, numbers 
giving the composition C 2 H 2 CU 2 O, which corresponds with the 
formula given above.® When acetylene is passed into a solution 
of cuprous chloride in potassium chloride a red precipitate is 
likewise produced, and this, according to Berthelot, is cu^roso- 
acetyl chloride, CgHCugOl. If this formula be correct, the 
compound precipitated from ammoniacal solution will be the 
corresponding hydroxide, and the constitution of these compounds 
would be represented by the following formulae : 

Cuproso acetyl Hydroxide. Cuprofio-acetyl Chloride. 

CH=C— Cu— Cu— OH. CH=d— Cu— Cu— Cl. 

Berthelot has also prepared other cuproso-acetyl salts, but has 
not published any analyses. 

Silver Acetylide, 02Ag2 -I- HgO, is formed a6 a white or 
yellowish precipitate by passing acetylene into an ammoniacal 

* ^»n. Ckem. Pharm. cix, 3S1. 

* Jahretib. 1869, 222. 

* Ib. 1862, 442. 

* Aim. CAem. Pharm, cxxxTiii. 24#. 

‘ lb. clxxiii 174. 
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solution of silver nitrate. In the dry state it explodes even 
more easily than the copper compound. Blochmonn’s analyses 
give the a^ve formula, but Berthelot considers the compound 
to be argmtaeetyl oxide^ and he has prepared the 

corresponding chloride, C^HAg^Cl, from a solution of silver 
chloride in ammonia. 

If silver-acetylide be shaken up with a solution of iodine in 
ether until this is decolorized, and the liquid be then evaporated, 
yellow crystals are formed wliich have a repulsive odour, and 
the vapour strongly attacks the eyes. According to Berend 
they possess the formula C4H2I4, and yield a large quantity of • 
acetylene when heated with alcoholic potash.^ The constitution 
of this compound is not known. 

When acetylene is passed into an ammoniacal solution of aurous 
thiosulphate, a yellow highly pxplosive precipitate is formed, whilst 
in an alkaline solution of mercury potassium iodide a yellow 
precipitate is obtained having the composition C2HHgI,HgO ; 
this explodes slightly on heating, and yields acetylene on 
treatment with acids.® 


Haloid Ethereal Salts of Acetylene. 

785 Acetylene Dichloride, CgHgCl^. When acetylene and chlorine 
are brought in contact deflagration usually occurs and carbon is 
separated. Sometimes, however, under conditions which have 
not as yet been determined, the dichloride is produced. This 
latter may be easily obtained pure by passing acetylene into mode- 
rately cooled antimony pentachloride, when crystalline plates of 
CgHgClg-SbClg are formed, and this on heating splits up into 
, antimony trichloride and acetylene dichloride.^ This latter is a 
mobile liquid, which boils at 55 '* and has an odour resembling 
that of chloroform. 

AcUylene TetraMoride, O2H2CI4, is obtained when the double 
compound iust described is heated with an excess of antimony 
pentachloride,' and also when phosphorus pentachloride acts on 
dichloracetaldehydc,^ or when chlorine is passed into ethylene 

^ Ann, Chem, Pharm, cxzxv. 267. 

^ Basset, Chnn, News, ziz. 28. 

* Berthelot and diingfleiBch, Ann, Chem, Pharm, SuppL vii. 262. 

^ Paterno and Pisati, Jakreah, 1871, 508. 
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chloride (p. 41). It is a liquid boiling at 147^ and at O'* has a 
specific gravity of 1’614. 

A&stylme IHbromide, is produced by the union of 

acetylene and bromine,^ but is not easily obtained pure in this 
way. It may, however, be readily prepared from the tetra- 
bromide by decomposing its well-cooled alcoholic solution with 
zinc, and after the reaction is over, precipitating with water.^ 
It is liquid having a chloroform-like smell, boiling at 110 ® — 111 ®, 
and having at 23® a. specific gravity of 2 * 20 . 

Acetylene Tetrdbromide, C 2 H 2 Br 4 , is obtained by passing 
acetylene into bromine under water. It is a liquid which at 
17®’6 has a specific gravity of 2*9493. At 190® it decomposes 
into hydrobromic acid and tribromethylene, but under a pressure 
of 36 mm. of mercury it boils at 137®.* 

Acetylene Di-iodide, CgHglj. This compound separates out in 
crystals when acetylene is passed into a mixture of iodine and 
absolute alcohol. The liquid is removed by the filter-pump, 
the residue washed with dilute potash solution and then re- 
crystallized from hot alcohol. It forms long thin flexible needles 
which possess a strong and characteristic odour. It melts at 
73 ®, but it volatilizes at the ordinary temperature, and may be 
sublimed without decomposition. 

Together with this compound, an isomeric liquid di-iodide is 
formed which decomposes on heating, and also a more volatile 
iodine compound which escapes with the imabsorbed acetylene.^ 


Substitution-products of Acetylene. 

786 Monochloracetylene, CjHCl. By the reduction of chloral- 
did (Part I. p. 538) a dichloracrylic acid is produced, and this 
on boiling with baryta-water decomposes into monochloracetylene, 
hydrochloric acid, and carbon dioxide : 

CCl2=:CH.C02H * CC1=CH 4 HCl 4 00^. 

The pure gas is spontaneously explosive, yielding carbon and 
hydrochloric acid, but does not explode when it is diluted with 
hydrogen. When this mixture is passed into bromine it forms the 

^ Berthelot, Ann. Chem. Phaunn. cxziy. 272 ; Sabanejew, dzzviii. 116. 

^ Sabanejew, Ber. Deuttth, Ckem. Gea. ix. 1441 ; Anechutx, ib, xii. %C1i, 

* Sabaneiew, Ann. Chem. Pharm. clxxviii. 118. . 

* Ibid, clxxviii. 118. 
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crystalline tetrabromide CsHClBr^ a substance which is also 
produced when bromine acts upon ethyl chloride, and is known 
as a*chloHetrabr<m^thane?‘ 

When passed into a solution of cuprous chloride in ammonia, 
monochloracetylene produces a yellowish red precipitate, whilst 
with silver nitrate solution a wMte precipitate is formed. ‘ Both 
compounds are highly explosive.^ 

M<yn^omacetyhnet C^HBr, is formed when bromethyleno 
dibromide is heated with alcoholic potash.^. The gas thus pro- 
duced is mixed with much free acetylene. An almost pure 
product is got by the decomposition of dibromethylene dibromide 
according to the following equation : 

CHjBr— CBrj = CH=CBr + HBr Br,. 

The bromine which is liberated oxidizes the alcohol to formic 
acid.* 

The gas liquefies under a pressure of three atmospheres, and 
in the air it takes fire and bums with a purple-coloured, very 
smoky flame. When brought in contact with oxygen explosion 
occurs. If, however, the compound be diluted with an indifferent 
gas and the mixture brought in contact with air, white clouds 
of bromacetic acid are produced.^ With an ammoniacal solution 
of cuprous chloride it produces a red precipitate, which, according 
to Beboul, is copper acetylide. It unites with bromine, forming 
pentabromethane. 


PROPINE COMPOUNDS. 

787 MethyUAcetylene, or - 4 /Zyfene,CH 8 .C=CH, was first obtained' 
by Harkownikow by heating propylene bromide with alcoholic 
potash,^ and almost simultaneously by Sawitsch by acting on 
brom-propylene with a solution of sodium ethylate.^ It is also 
formed by heating /8-chlorpropylene with caustic potash and 
alcohol,® and further, by the action of sodium on dichlorinated 
V 

^ Denzel, Btr, DmtscK Chem, 0t8, xi. 1739. 

^ Wallach, Awn, Chem, Pharm. cciii. 87. 

* Sawitsch, Ann, Ohem, Pharm, cxix. 183 ; licLoul, ih, cxxiy. 267. 

^ Rebottl, ib. exxv. 81. 

* Fontaine, ib, clvi, 260. 

* Ann, Chem, tPharm, cxyiii. 330. ' Ib, cxix. 186. 

^ Fricdel, ib, cxxxiy, 262. 
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dimethyl-methylene chloride (dichloracetone chloride) ^ or its 
isomeride tetrachlor-glycide (p. 366). The last-named compound 
yields in addition propylene,^ and probably the iso-allylene de- 
scribed below. For the preparation of methyl-acetylene propylene 
bromide is used, and the method corresponds exactly to that 
by which acetylene is prepared from ethylene bromide.^ 

Allylene is a gas possessing a strong smell, which, however, is 
less unpleasant than that of acetylene. It takes fire readily, and 
bums with a very smoky flame. It combines slowly with 
fuming hydrochloric acid, forming dimcthylmethylene chloride, 
whilst it is absorbed by highly-concentrated hydrobromic acid 
with formation of dimcthylmethylene bromide and a little 
brompropylene.** If concentrated hydriodic acid be poured 
into a flask filled with allylene, dimethyUmethylene iodide^ 
CH 3 CI 2 .CH 3 , is produced, a heavy liquid which boils, with con- 
siderable decomposition, at 147® — 148®,® and when acted on by 
silver oxide is transformed into acetone.® By the direct union 
of allylene with water, in presence of mercuric bromide, acetone 
is readily formed (see Part I. 568). Potassium permanganate 
oxidizes allylene in the cold, yielding formic, oxalic, and malonic 
acids. An aqueous chromic acid solution, on the other hand* 
converts it into propionic acid (Berthelot). When allylene is 
gently heated with sodium, it is decomposed with separation of 
carbon and hydrogen and formation of sodium acetylide.^ 

788 Metallic Compou'iids of Allylene. If sodium be covered with 
ether, then cooled in a freezing mixture, and allylene led in, the 
gas is absorbed in considerable quantity, and after standing for 
a few days sodium-allylene^ CgllgNa, is formed, together with 
propane : ® 

+ 4Na = 403 H 3 Na + C 3 H 8 . 

It is a colourless crystalline powder which becomes resinous in 
the air, and frequently takes fire on exposure. 

When allylene is passed into a solution of cuprous chloride in 
ammonia, a yellow, flocculent precipitate of cuprmis allylide, 
is thrown down. This becomes incandescent when 

^ Borsche and Fittig, Ann. Chtm. Phann, cxxxiii. HO. 

3 Pfeifer and Fittig, ih, cxxxv. 366. 

> Liebermann, Aim, C}mn. Pharm. cxxxv. 266. 

* Reboul, Ann. Chim. Phys [5], xiv. 465. 

® Oppenheim, ZeiUch. Chm,. 1865, 719 ; Semenow, ih. 1865, 725. 

^ Sorokin, Zeitsch. Chem. 1871, 264, 

^ Berthelot, Ann, Chim. Phys. (4) ix. 935. 

** Lagermark, Joum, Russ. Chem. Ges. xii. 288. 
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heated, and on treatment with hydrochloric acid evolves allyl- 
ene. It dissolves in ammonia which contains ammonium 
chloride in solution, and this explains the fact that when cuprous 
chloride is dissolved in hydrochloric acid, and the solution then 
saturated with ammonia, this liquid absorbs allylene, but does 
not yield any precipitate with it. The composition of copper- 
allylide has not been exactly determined, but it probably 
corresponds with that of the following compound. 

Silver-Allylide, CgH^Ag. When allylene is passed into an 
ammoniacal silver solution, this compound is formed as a white 
exceedingly light precipitate, consisting of microscopic needles. 
This changes colour on standing, and more quickly when in the 
moist state, becoming at first reddish-yellow and then green, and, 
as in the case with silver chloride, this change of colour is not 
accompanied by any substantial alteration in the composition of 
the compound. 

This substance is decomposed by mineral acids and by sulphu- 
retted hydrogen, allylene being evolved. It deflagrates when 
heated, frequently at so low a temperature as 150®, with sepaiu- 
tion of spongy charcoal. 

By the action of an aqueous solution of iodine and iodide of 
potassium, allylene is converted into iodallykne, CgH^I. This is 
a liquid which boils at 98"*, possesses a penetrating odour, and 
strongly attacks the eyes and mucous membranes. It is 
retransformed into allylene when treated with zinc and hydro- 
chloric acid (Liebermann). 

789 Haloid Ethereal Salts of Allylene, The dichloracetone 
chloride already described is allylene tetrachloride^ CHg.CClg. 
CHClg. It is obtained by heating together for some time 
phosphorus pentachloride and dichloracetone (Part I. p. 571). 
It is an oily liquid which has a peculiar but not unpleasant 
smell, and boils at 153°. 

Allylene Dihromide, CgH^Brg, is obtained, together with the 
compound next described, by acting on allylene with bromine,^ 
and is also formed when brompropylene bromide is heated with 
silver acetate.^ It is a heavy liquid, possessing an aromatic 
odour, and boiling at 130° — 132°. 

Allylene Tetrahromide, CgH^Br^, boils with partial decom- 
position at 225° — 230°, but under a diminished pressure distils 
unchanged. 

' Oppenheim, Ann. Chem, Pharm. cxxxiL 126. 

^ Linnemann, ib, cxxxvi. 56. 
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Allylme Diriodide, is formed when allylene is exposed 

to sunlight in contact with a solution of iodine in potassium 
iodide. It is an oily liquid which boils at 198V 

lodallylene Di-iodide, C 3 H 3 I 3 , is obtained by shaking up silver 
allylide with an ethereal solution of iodine so long as this is 
decolorized, then adding a quantity of iodine equal to that 
already used, and afterwards allowing the mixture to stand until 
the colour of the iodine has disappeared. It crystallizes in long 
needles which readily decompose with separation of iodine 
(Liebermann). 

Iso-allylene, or Allene, CH 2 “CizCH 2 , is foimed by the 
electrolysis of the potassium salt of itaconic acid, C 3 H 4 (C 02 H) 2 , 
and is a gas which, in smell, resembles allylene, but it does not 
precipitate ammoniacal silver or copper solution.® 

The hydrocarbon obtained by Hartenstein from dichlorhydrin 
is doubtless identical with iso-allylene. When this latter is 
heated with phosphorus pentachloride, fi-chlorallyl chloride, 
CHCl— CH — CHgCl, is formed, a liquid having a pleasant 
though somewhat pungent odour, and boiling at 109®. When 
treated with sodium, in the presence of benzene, it yields a gas 
which likewise yields no precipitate with ammoniacal silver 
solution. 

Iso-allylene combines with bromine to form iso-allylene 
tetrahromide, CjH^Br^, a compound which dissolves readily in 
ether and crystallizes in tablets melting at 195.°® 


BUTINE COMPOUNDS. 

790 Ethyl-acetylene, CH 8 .CH 2 .C=CH, is obtained from ethyl- 
methyl-ketone by a reaction which has already been described 
(Part I. p. 182). It boils at 18°, has a pungent odour, and gives, 
with an ammoniacal silver solution, a white, and with one of 
cuprous chloride, a yellow, precipitate. It forms with bromine 
the crystalline tetrabromide.* 

CrotonyUne, C 4 H 8 , was obtained by Caventou by heating 
brom-butylene with sodium ethylate. It is a liquid which boils 
between 18° and 24°, possesses a pungent odour somewhat 

^ Oppenheim, Bull, Soc, Chim. iv. 434. 

® Aarland, Joum, Prakt, C/iem. [2], vi. 256. 

’ Hartenstein, Joum, Prakt, Chem, [2], vii.|310. 

* Bniglants, Ber, DefUsch, Cheni, Gos. viii. 410. 
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resembling that of the leek, and the density of its vapour is 
1 ’ 936 . It combines with bromine to yield crotonylene tetra- 
brmnide, a white, crystalline body volatilizing somewhat 

readily in the air.^ 

The butylene dibromide, which was used by Caventou for the 
preparation of the brom-butylene, was obtained by fractional 
distillation from the mixture of bromides which is got by passing 
into bromine the gas obtained by heating to redness the vapour 
of fermentation — amyl alcohol. This gas contains, as we now 
know, isomeric butylenes, The question, therefore, presented 
itself as to which of these yields the crotonylene. Butlerow ex- 
pressed the opinion that it could not be derived from isobutylene, 
(CH3)2 C:z:CH 2, except on the supposition that crotonylene 
contains free combining units, and this appeared to him to be 
improbable. To test this theory he heated brom-isobutylene 
with sodium ethylate and obtained, not crotonylene, but ethyl- 
crotyl ether : ^ 

(CH)2C=CHBr + NaOC^Hg = (CH3)2Cz:OHOC2H3 + NaBr. 

J. Lermontofif then prepared crotonylene from /S-butylene 
dibromide, CH3.CHBr.CHBr.CH3, and Almedingen showed that 
the olefines thus obtained are condensed by sulphuric acid to 
hexmethyl-benzene, C3(CH3)3.® Hence it follows that crotonylene 
is dimethyl-acetylene, CH3.C=C.CH3. 

791 Butine, C—H^GK,CK—Gn^. When erythrite, Gfi^iOK)^, 
is heated with concentrated formic acid to 230 ®, butine is 
formed, together with water, carbon dioxide, and the formate 
C^H3(CH02)0H.® It is also found in the liquid formed by 
the condensation of coal-gas,* and is a liquid boiling about 20®. 

Butine Tetrachloride, C^Il3Cl4, is formed by the direct com- 
bination of butine and chlorine, and also by the action of 
phosphorus pentachloride on erythrite. It crystallizes in prisms 
which melt at 73 ®.® 

Butine Tetrahromide, C4H3Br4, forms white needles or rhombic 
plates, which melt at 116 ®, and sublime when more strongly 
heated. 

By passing the vapour of amyl alcohol through a red-hot 
tube and leading the evolved gas into bromine, Caventou 

' Ann. Chem^ Pharm, cxzvii. 347. 

° Zeitsch. Chem [2], vi. 523. 

^ Bcr, DetUsch. Chem, Gee, xiv. 2073. 

* Henninger, Ber, Deutseh, Chem, Gee, vi. 70. 

" Hcnfiinger, Bull, Soc, Chim, xxxiv. 194. 
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obtained a product containing a tetrabromide which crystallizes 
in needles and melts at 114® — 116®/ and is, therefore, probably 
butine tetrabromide, but certainly not crotonylene tetrabromide, 
as it is not perceptibly volatile in the air. He pointed out, 
moreover, that the hydrocarbon which these crystals yield is not 
absorbed by ammoniacal cuprous chloride. ^ 


PENTINE COMPOUNDS. 

yg2 Propyl- Acetylene, CH 3 .CH 2 .CH.^CH, is obtained from 
rnethyl-butyl ketone, and is a mobile liquid which boils at 48® — 
49®, and has an alliaceous penetrating sQiell. It combines with 
bromine, forming a liquid dibromide which boils at 190®, and a 
liquid tetrabromide which boils at 275®, and does not solidify at 
— 15®. Its silver compound, CgH^Ag, is a white, and its copper 
compound a yellow, precipitate.^ 

Isopropyl-Acetylene, (CH 3 ) 2 CH.C= CH, can be obtained by the 
reaction already described, from valeraldehydc,^ and from iso- 
propylethylene.® It is a liquid possessing a penetrating smell, 
boils at 28® — 29® and at 0® has a specific gravity 0’6854.® It forms 
with bromine a liquid dibromide and tetrabromide. Chromic 
acid solutibn oxidizes it to isobutyric acid, acetone and acetic 
acid.^ Its copper compound is yellow, and the silver compound, 
CgHyAg, is white. The latter dissolves slightly in ammoniacal 
silver solution, and likewise in absolute alcohol, from which it 
crystallizes in small prisms. 

Methyl Ethyl Acetylene, CHg.CSC.CgHg. On heating the 
dibromide prepared from commercial amylene, with alcoholic* 
potash, Beboul obtained a liquid having a penetrating smell, and 
boiling at about 44® — 46®, which he termed valerylene.® This 
was evidently a mixture which contained methylethylacetylene. 
Eltekow obtained the latter in the pure state by treating the 
crude amylene with sulphuric acid, converting the undissolved 
part (p. 241) into the bromide, and then decomposing this with 
potash. The product contains isopropylacetylene, which is 

' Ann^ Chem, Pharm. cxxvii. 93. ® Ih, cxxvii. 347. 

* Braylants, Ber, Deutsche Chem, Oes, viii. 411. * Ih. 406 and 413. 

* Eltekow, ih. x. 707 ; Flawitzky and Kiylow, ih, x. 1102. 

* Ib. XL 1939. 

7 JBer, Chem, Oes, x. 2240. 

* .^9191. Cfhem, Pharm. cxxxi. 238. 


1 



THE IIEXINE COMPOUNDS. 


4C5 


removed by means of ammoniacal silver solution, when the 
methyl-acetylene remains behind. It is a liquid which boils 
at 51® — 52®, and is oxidized by aqueous chromic acid to acetic 
and propionic acids. ^ 

Valerylene unites with bromine, forming a dibromide and 
tetrabromide, both of which are liquid. If the first of these be 
heated with alcoholic potash solution, valylene, CgHg, is formed. 
This is an alliaceous smelling liquid, which boils at 50®, and 
forms by union with bromine a ciystalline hexbromide. Its 
silver compound, CgH^Ag, is a white, and its ciqjrous compound, 
(C.H,) gCug, a yellow precipitate (Reboul). 


HEXINE COMPOUNDS. 

793 Hexoylene^ was prepared by Caveutou from the 

hexane of petroleum oil, by converting the dibromhexane prepared 
from this, into bromhcxylene, and then heating this latter with 
sodium ethylate.2 It boils at about 80® and forms a dibromide 
and tetrabromide, both of which are liquid.® The hexoylene pre- 
pared by Hecht from the hexylene got from inannite is probably 
identical with this. This hexoylene boils at 80° — 83®, unites 
readily with bromine to form a dibromifle, but forms a tetra- 
bromide only with difficulty. It is oxidized by chromic acid 
solution to acetic an<l butyric acids.^ 

A hydrocarbon of the same composition occurs in the light 
coal-tar oils. This has not as yet been f)btained pure, but its 
tetrabromide crystallizes fr<un hot alcohol in long white needles, 
which melt at 112®, and boil at 318®.® 

794 Diallyl or Hexinc, CH. 2 — CII.CIT 2 .CH 2 .CH— CHg, was first • 
obtained by Berthelot by the action of sotlium on allyl iodide.® 
Wurtz recommends instead of sodium an alloy of this with twice 
its weight of tin.^ It may be more simply prepared by bringing 
allyl iodide in contact with zinc, and a little ethyl formate.® It 
is also easily formed when mercury allyl iodide is subjected to 

^ Ber, DmUtck. Chmn., Ocs, x. 1904 and 2057. 

Ann, CUem Phnnn. cxxxv. 126. 

• Rfboul and Trncliot, ib. cxliv. 246. 

• Hecht, Ber, DeuLsch. Chem, (les. xi. 10.50, 

• Schorlemmer, Jonrn, Chem. Soc. xix. 856. 

® Ann. C/iim, Phya. [8] xlviii. 294. 

y lb. iii. 129. 

® Sorokin, Ber. Dcutach. Chem. Gea. xii. 8S8. 
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city distillation, 1 or better when this latter is decomposed with 
potassium cyanide and the diallyl then distilled off.^ 

2C3H5HgI + 2KCN = + Hg -f- HgCCN)^ + 2KI. 

Diallyl is a mobile liquid possessing a penetrating ethereal and 
alliaceous smell. It boils at 59^ and at I?"" has a specific 
gravity of 0*6872, whilst that of its vapour is 2 02. By oxida- 
tion with acidified potassium permanganate solution, it yields 
succinic acid as chief product,® as might be indeed expected from 
its constitution. Concentrated sulphuric acid acts powerfully on 
diallyl, polymeric hydrocarbons of the formula CnH2n-4 being 
formed, together with tarry products. These hydrocarbons 
are obtained in larger quantity if the diallyl be first diluted with 
petroleum spirit.^ Similar hydrocarbons are produced when sul- 
phuric acid acts on coal-tar naphtha obtained from cannel coal, 
the products having also the formula CnIl2n-4**^ 

Monochlorkexine, C^HgCl, is formed together with the di- 
chloride, C3H13CI2, by the action of phosphorus pcntachloride 
on allyl acetone, CH3.CO.CH2.CH2CHIZCH2, which is a 
product of decomposition of ethyl allyl acctacetate (p. 412). 
Monochlorhexine boils at about 120° and it is transformed 
when heated with alcoholic potash into diallylme or hexove 
CH=C.CH2.CH2 .CHzzCH 2, a liquid which boils at 78°, and 
yields a white silver, and a yellow cuprous, compound.® 

Ilexine Tetrahromide, C^Hn^Br^, crystallizes from ether in four- 
sided prisms which have a camphor-like smell, melt at 63°,^ and 
volatilize without decomposition. By the action of sodium it 
is converted again into diallyl (Berthelot and De Luca). When 
it is distilled over solid caustic potash, dibromhexine, CgHgBrg, is 
formed, a liquid possessing a peculiar smell and a bitter pungent * 
taste, and Wlin^ at 205° — 210°.® This unites with bromine, 
yielding dihromhexine teirdhromidCy CgHgBrg, a compound 
crystallizing from alcohol in pearly glistening tablets, which 
melt at 76° — 77°. 

If dihromhexine be heated with a solution of caustic potash 
in absolute alcohol, dvprcypinyl or ilipro^argyly C3H3, is formed, a 

' Linnemann, Ann, Chem, Phainn, cxl. 180. 

® Oppenheim, Ber, DewtscJi, Chem, Ocs, iv. 072. 

* Sorokin, B*sr, fkutsch, Chem Ges, xii. 2096. 

♦ Jekyll, Chem, New.% xxii. 221. 

* Schorlemmer, Joum. Chjcm. Soe, xix. 356. 

• Henry, Jahre'h, 1878, 379. 

^ Tollens and Wajjner, Ber, Deutech. Chem,\Gea, vi. 589. 

® Henry, Journ, I^akt. Chem, [2] viii. 67. 
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mobile highly refractive liquid, which has a peuetrating odour, 
and boils at about 85®. It combines energetically with bromine, 
yielding the tetrabromide C^HgBr^, a thick viscous liquid, which 
combines with more bromine, slowly in the cold and quickly on 
heating, forming dipropinyl ociobromide^ C^H^Brg, a compouml 
possessing a weak camphor-like smell, melting at 140® — 141®, 
and crystallizing from carbon disulphide in hard triclinic prisms 
or tables. 

Sihcr Dipropinyl, CgH4Ag2-|-2H20, is formed as a white 
amorphous precipitate, which in the dry state detonates when 
heated to 100®. 

Cuprous Dipropinyl, CgH4Cn2 + ^HgO, is a. yellow colbured 
explosive precipitate which when ignited burns with a green 
flame, evolving showers of sparks. 

Dipropinyl contains two atoms of hydrogen, capable, it will 
be seen, of replacement by metals, and has accordingly the 
following constitution 

0H=C.CH2.CH2.C=CH. 


Hexine TetraAoduU, is produced when diallyl is gently 

heated with iodine. It forms colourless crystals, which, how- 
ever, soon become coloured, melts above 100®, and has an 
odour resembling that of ethylene iodide (Berthelot and Do 
Luca). 

Ilexinc Tetranitrate, C0Hiq(NO 2)4 separates out in white 
crystals when nitrogen tetroxide is slowly passed into a mixture 
of diallyl and absolute ether cooled by a mixture of ice and 
salt.® 

Diallyl also combines readily with the hydracids. By union 
with two molecules of the hydracid, pseudohexylene compounds 
are formed, whilst when diallyl combines with only one 
molecule compounds of methylisocrotyl are produced. 


Pseudohexylene Compounds. 

795 Pseudohexylene Chloride, CgHigClg. This compound, also 
known as diallyl dihydrochloride, is formed, together with the 
monohydrochloride or raethyl-isocrotyl chloride, when diallyl is 

' Henry, Ber, Deiitsch, Chem, Ges. vi. 955 ; vii. 21. 

* Henry, ih» ii. 279, 
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heated for some hours to 100® with fuming hydrochloric acid. 
It is an oily liquid boiling between 170® and 180®.^ 

Pseudohexylene Iodide^ CqH^ 2^2» obtained in a corresponding 
way to the chloride, and is a heavy liquid, which decomposes on 
heating. When brought in contact with silver acetate suspended 
in ether, pseudbhexylene diacetate ^ ^6^i2(^2^3^2)2> formed, 
a thick, aromatic-smelling liquid which boils at 225® — 230®. At 
the same time the monacetate, CqHj 2(0H)C2H302, is formed, and 
this boils at 210®. 

Psevdohexylene Glycol, C3Hj2(OH)2, is obtained by decomposing 
the above mixture of acetates with potash. It forms a syrupy 
liquid, which is soluble in water and boils at 212® — 215® 
(Wurtz). 

Pseudohexylene Oxide, CgH^gO, is formed, together with some 
methyl-isocrotyl alcohol, by acting with silver oxide on the 
iodide, or with sulphuric acid on diallyl, diluted with petroleum 
ether (p. 466), in which latter case it is dissolved in the acid, 
together with polymerides of diallyl, and is separated by means 
of water. It is a mobile liquid, which boils at 93®, and has a 
refreshing peppermint-like smell. When it is heated with 
hydriodic acid, a hexyl iodide is formed, which boils at 165®— 
167®, and yields normal hexane by the action of zinc and hydro- 
chloric acidv 

Pseudohexylene Chlorhydrate, CgHi2(OH)Cl, is a heavy, oily 
liquid formed by the union of diallyl and hypochlorous acid 
(Henry). 


Methyl-Isocrotyl Compounds. 

796 MethyUIsocrotyl Chloride, CgH^iCl, boils at 130® — 140®, 
and as yet has not been obtained pure. 

Methyl-isocrotyl Iodide, CgHj^I, is formed together with 
pseudohexylene iodide, and is a liquid boiling at 164® — 166®. 

Methyl-Isosrotyl Monacetate, C3Hn(C2H302), is obtained 
together with the diacetate described above, and is a pleasantly- 
smelling liquid which boils at 164® — 155®. 

Methyl-isocrotyl Alcohol, CgHuOH, is obtained by the decom- 
position of the acetate with caustic potash, and is ai pleasantly- 

\ 

' Wurtz, Ann, Chim, Phys, [4], iii. 129, 
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smelling liquid which boils at 140°, and at 0° has a specific 
gravity of 0*8604 (Wurtz). As has already been stated, this 
compound, which is also known as diallyl hydrate, is undoubtedly 
identical with the alcohol obtained from raethyl-isocrotyl ketone, 
which has already been described (p. 412). 


HEPTINE COMPOUNDS. 

797 Pentyl- Acetylene or Oenanthylidene, CgH^CSCH, was first 
obtained by Limpricht from oenanthol (heptaldehyde), and is an 
alliaceous smelling liquid, which boils at 106° — 108°, and 
forms a liquid dibromide and tetrabromide.^ Its silver com- 
pound is formed as a white, and its cuprous compound ^ a 
yellow, precipitate.® 

Tetramethyl-Isoallylene, (CH3)2C=C~C(CH3)2, has been pre- 
pared by Henry from diisopropyl ketone. It is a liquid which 
boils at about 70°, yields no metallic compounds, and has a very 
unpleasant smell.® 

Methyl-Propyl-Isoallylene, CHg.CH^^C^CH.CglTy, occurs as 
one of the constituents of resin spirit, and is a liquid boiling 
between 103° and 104°. It yields a volatile tetrabromidc, and 
unites with water to form the glycol, CH^.CH— C(OH).Cll(OH) 
CgHy + HgO, which forms brilliant crystals, and loses its water 
at 100°. The anhydrous compound melts at 80°’5, and boils at 
195°*6. When it or the hydrocarbon is oxidized with nitric acid,, 
dinitroheptylene, C7Hi2(N02)2, is formed, together with carbon 
dioxide, acetic acid, butyric acid, and succinic acid. This nitro- 
compound crystallizes from alcohol in glistening tables which 
melt at 182°.^ 

^ Rubien, Ann, Chenn, Pharm, cxHi. 294. 

* Bruylants, Ber, Dautstih, Clwm, Ges, viii. 409. 

• Ber, DeuUtch, Chem, Ges. viii. 400. 

^ Morris, Jmm, Chem. Soc. 1882, i. 167. 



470 


THE lIEFTiNE COMPOUNDS. 


The higher homologues of this series have been but little 
examined. Of these the following are known : 


B.P. 


^ Caprylidene 

^ 8^14 

133—134” 

^ Butylene | 

CioHg 

f 130“ 

® Dipropylbutinc V 
^ Decenylene i 

1 165“ 

^ Nonyl-acetylene 

CuH,o 

198“— 202“ 

® Benylenc 

OisHgg 

223“— 228“ 

^ Oetenylenc 

^ 16^30 

280“— 285“ 

^ Eikosylenc 

^ 20^88 

314“— 313“ 


These are all liquid at the ordinary temperature. Besides 
the above a number of other hydrocarbons are known, having tlio 
general formula OnHgn — 2, but belonging to other series. 


’ llubieu, Ann, Cheni, Pharvi, cxlii. 290. 

. Bauer, ib, cxxxv. 344. 

^ Refbrmatsky, Joum. PraJcL Ckcm, [2], xxvii. 389. 

* Reboul and Tnichot, ib, cxliv. 248. 

® GieseoketZeilach, Chern, 1870, 431 ; Bray Ian Is, Per, Deutsch, Chm, Ges, 
viii. 413. 

® Bauer and Verson, Ann, Chem, Phann, cxlvii. 262. 

7 Chydenius, ib, cxliii. 268. 

® Lippmaun and Huwiliczek, Bcr, Dcutsch, Chem, Ges, xii. 69. 



ALCOHOLS OF THE SERIES C^H^^^aO. 

PROPINYL COMPOUNDS. 

798 These stand in the same relation to allylcne, as the allyl 
compounds do to propylene. They contain the monovalent 
rsAiCdX, propinyl, CH=C — CHg — , in which one of the atoms 
of hydrogen may be replaced by silver, and on this account 
Liebermaim lias given to it the name of propargyl^ 

Proyinyl Alcohol, C3H3.OH, is formed by heating )8-bromallyl 
alcohol with caustic potash and a little water, Tlie liquid 
is then saturated with carbon dioxide, and, after the addition 
of some water, is subjected to distillation. The alcohol is 
separated from the distillate by means of carbonate of potash 
and is then dried over caustic lime.^ It is a liquid possessing a 
pleasant smell, boiling at 114'' — 150", and having a specific gravity 
of 0’9628 at 21". It combines with hydrobroinic acid forming 
bromallyl alcohol, whilst with bromine it forms dibromallyl alco- 
hol. With ammoniacal silver solution it gives a white precipitate 
of C3H2Ag(OH), which blackens on exjjosure to light, and 
burns explosively when gently heated. The cuprous compound, 
Cu 2(C3H20H)2, is a yellow explosive precipitate, which is de- 
composed by dilute acids with re-formation of the alcohol 5 on 
treatment with nitric acid it takes fire. 

When the alcohol is heated with caustic potash the following 
reaction takes place : 

CH C.CH2.OH H- HOK = CH CH + CHO.OK + Hj. 

EthyUPropinyl Ether, CgHg.O.CaHg, was prepared by Lieber- 
mann^ by boiling tribromhydrin or brompropylene bromide 
with alcoholic potash solution. It may also be prepared in the 

' Ann, Chem. Pharm, cxxxv. 278, 

® Henry, Ber, Veutsch, Chern, Qcs, v. 569 ; vi. 728. 


® Loc, tit. 
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same way from trichlorhydrin,i clilorpropylene bromide, chlor- 
dibromhydrin,* epiclilorhydrin, allylene dibromide,® or ethyl- 
dibromallyl ether.^ It is a liquid which possesses a penetrating 
smell, boils at 80®, and at T has a specific gravity of 0 83. 

When concentrated silver nitrate solution is added to 
a solution of this ether in alcohol, a crystalline precipitate is 
formed of (CsHgAgOCgHJgAgNOg, and this is transformed by 
ammonia into the amorphous compound CgHgAgOCjjHs. An 
amnioniacal solution of silver chloride forms, with the ether, the 
compound (C 3 H 2 AgOC. 2 Hfi) 2 AgCl, a white curdy precipitate, 
whilst the cuprous compound is yellow and amorphous. 

If * the amorphous silver compound be treated with a 
solution of iodine in potassium iodide, cthyl-iodpropinyl ether, 
C2H,.O.C3H2l, is formed, an oily liquid having an unpleasant 
smell ; it solidifies on cooling, and combines with .one molecule 
of bromine or iodine, forming oily compounds. 

Exactly as allylene unites with water in the presence of 
mercury bromide to form acetone, so ethyl-propinyl ether 
combines with water yielding the ether CH^.CO.CHg.OCgllg, 
which is a liquid boiling at 128®, and possessing a peculiar 
smell and burning taste. The corresponding pymvyl alcohol, 
CHg.CO.CHgOH, which stands in the same relation to pyrora- 
cemic acid as alcohol does to acetic acid, is obtained by a similar 
reaction fromq)ropinyl alcohol, but it has not been more closely 
examined.® 

Propinyl Chloride, C3H3CI, is formed by the action of phos- 
phorus trichloride on the alcohol, and is a very mobile liquid, 
which has an unpleasant smell. It boils at 65®, and at 5® has 
a specific gravity of 1*0454.® 

Propinyl Bromide, CjH^Br, is prepared from the alcohol and 
phosphonis tribromide. It boils at 88® — 90®, and has at 11® a 
specific gravity of 1*59. A certain quantity of the additive 
product, C 3 H 4 Br 2 , is always formed together with the bromide. 
Propinyl bromide unites with bromine to form the liquid products 
C 3 H 3 Br 3 and CgH^Br^.^ 

Propinyl /odiffe, C3H3I, crystallizes from alcohol in fine, in- 

* Baeyer, Ann, Chem, Phann. cxxxviii. 196. 

* Oppenheim, ih. Suppl. vi. 372. 

^ * Liebermann ami Krctscliiner, ib. elviii. 230. 

^ ITeiiiy, Ber, DeiUsch, C/tfm. Oes, v. 274. 

* Heniy, Compt, Rrnd, xriii. 421. 

* Henry, Ber, Dmt^ch, Vhcm, Gcs, viiiS 398. 

Ib, vi. 728 ; vii. 761. 
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terlaced needles, which turn brown in the light, melt at 48® — 49'*, 
and decompose when more strongly heated.^ 

Fropinyl Acetate^ C3H3.(0C2H30), is formed by the action of 
acetyl chloride on the alcohol, and is a somewhat unpleasantly 
smelling, liquid, which boils at 124® — 125®, and at 12® has a 
specific gravity of I’OOSl.* In presence of mercury bromide 
it readily combines with water, forming j)yruvyl acetate, 
CH3.CO.CH2.O.C2H3O, a compound which is also formed by 
heating monochloracetone with potassium acetate ; it is a liquid 
boiling at about 175® and possessing a refreshing smell.* 

It is remarkable that whilst the allyl compounds boil at the 
same temperature as the corresponding proj^yl compounds* and 
therefore, the loss of two atoms of hydrogen has no influence 
on the volatility, a further separation of 2 atoms of hydrogen 
raises the boiling-point, inasmuch as the propinyl compounds 
boil from 18® to 20® higher than the corresponding compounds 
of the two other series (Henry). 

Propinyl alcohol is the only primary alcohol of this series 
known. One secondary, and several tertiary alcohols, have, 
however, been prepared. 

799 Dmllyl Carhind, (C3H3),CH.OH. For the preparation of 
this, a mixture of one volume of ethyl formate and two volumes 
of allyl iodide is added to ah excess of zinc, when a brisk reaction 
sets in. The proihact is allowed to stand overnight, and then 
a large quantity of water is added, which acts quietly upon it 
and hardly causes any evolution of gas. The alcohol is then 
obtained by distillation and is dried over potassium carbonate. 
The formation of the diallyl carbinol doubtless takes place by 
the following reactions. Allyl zinc iodide is first formed, and 
this unites with the ethyl formate : 

COHCOCgHg) -f 2C3H3ZnI = Zn(OC2H,)I -f C(C3H5)2H.OZnI. 
And the latter compound is decomposed by water thus : 
C(C3H3)2H.OZnI + H2O = C(C3H3)2H.0H + Zn (OH)L 

Diallyl carbinol is an aromatic smelling liquid which boils at 
151®, and at 0® has a specific gravity of 0*8758.^ Phosphorus 
pentachjoride transforms it into the chloride C^HuCl, which 
smells of turpentine, and boils, with decomposition, at 144®. On 

' Ber. Deutsch, Ctiem, Ocs. viii. 398. 

® Ih. vi. 729. * /ft. V. 966 ; xiv. 2272. 

* M. Saytzew, Ann, Pharm, cUxxv. 129 ; Kanonikow and A. Saytzew, 

ib, clxxxv. 148. - . 
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treatment with alcoholic potash this ^ liquid 

which smells like petroleum, boils at 11 5°, and unites with bromine 
forming an oily hcxbromide. 

Methyl Diallyl Garhinoly (C3Hg)2C(CH3)OH, is prepared from 
ethyl acetate, allyliodide and zinc, and is a peculiarly smelling 
liquid, which boils at ISS®'^, and has at 0® a specific gravity of 
0-8638. Potassium permanganate oxidizes it to carbon dioxide 
and /8-methyl-oxyglutaric acid : ^ 

/CHg-CH— CH^ /CH2.C02H 

CH3.C(0H) + 50. = CH3.C(0H) 

’ \CH2.CH=CH2 NCHg-COgH 

+ 2CO2 + 2H2O. 

Homologucs of this tertiary alcohol are obtained when the 
ethyl salts of other fatty acids are subjected to the above 
reaction. Up to the present the following have been prepared ; 

B.P. 

2 Ethyl diallyl carbinol, (C3H5)2C(C2H5)OH 175°— 176° 

8 Propyl diallyl carbinol, (C3H3)2C(C3H7)0H 194° 

4 Isopropyl diallyl carbinol, (C3H,)2C[CH(OH3)2]OH. 182°-185^ 

On oxidation with potassium permanganate these are split up 
in a manner analogous to methyl diallyl carbinol. 


ACIDS OF THE SERIES OaH2n-A. 

800 Propiolic Acid, or Propargylic Acid, CsHgOg. When either 
dibromsuccinic acid or isodibromsuccinic acid is decomposed 
with an excess of alcoholic potash, acetylene dicarhoxylic acid^ 
02(00211)2, is produced ; this forms long crystals which contain 
two molecules of water and effloresce in the air.® It combines 
with nascent hydrogen forming succinic acid, and with bromine, 
yielding dibrom-fumaric acid.® When the aqueous solution of 
this acid is gently heated, carbon dioxide is evolved, and propiolic 
acid is produced : 

OO2H.OSC.OO2H = CO2 + HCSC.CO2H. 

^ Sarbkin, Zieh, Ann, clxzxv. 169 ; Jottm, Ru8s, Chem, Ges, ix. 12 ; xi. 3S8. 

^ Smirensky, Joum, lluss, Chem, Ges. xii. 48S. 

3 P. and A. Saytxew, Lieb, Ann, cxciii 362. 

^ Rjabinin and A. Saytzew, ib, cxcvii. 70. % 

* Bandrowsky, Bcr, Dcutsch, Chem, Ges, z. 838. * Ib, xii. 2212. 
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On evaporating the solution this acid remains as a crystalline 
mass which melts at 154®. 

Potasskim Propiolate^ CgHKOg, is formed when the solution 
of acid potassium acetylene dicarboxylate is heated. It crystallizes 
in glistening hexagonal prisms which detonate when heated 
to 105®. Its aqueous solution yields a glistening crystalline 
precipitate with ammoniacal silver nitrate, whilst the precipitate 
produced by ammoniacal cuprous chloride has a siskin-green 
colour. Both compounds decompose with explosion when 
heated.^ 

Tetrolic Acid, C4H4O2, was obtained by Geuther by boiling 
^-chlorcrotonic acid with potash solution : ^ 

CH3.CC1=CH.C02H = CH3.C=C.C02lI + HCl. 

The sodium salt is formed by the direct union of sodium 
allylide and carbon dioxide.^ 

For the preparation of the acid, use is made of the mixture 
of the two ethyl chlorcrotonates obtained by the action of 
phosphorus pentachloride on ethyl acetacctate (p. 406), since, as 
Geuther has pointed out, the chlorisocrotonic acid is not attacked 
by boiling potash.^ 

Tetrolic acid dissolves readily m water, alcohol and ether, and 
crystallizes in well-formed broad tables, which melt at 7G®*5, 
It boils at 203®, and at a few degrees above this decomposes 
into carbon dioxide and allylene. It is not volatile in a current 
of aqueous vapour. Its silver salt decomposes, even in the cold, 
into silver-aliylide and carbon dioxide. 

801 Soi'hic Acid] C^HgOg. When the juice which has been 
partially saturated with lime in the preparation of malic acid from 
mountain-ash berries is evaporated, it gives off a peculiar pene- 
trating odour. G. Merck found that this is due to the presence of 
an oily liquid, which he termed ‘‘mountain-ash oil,” and Hofmann 
examined this product more closely. When freshly distilled it is 
a bright colourless liquid, possessing a faintly aromatic odour. 
The vapour, however, when concentrated has a repulsive odour, 
and when inhaled causes stupefaction. It acts like a weak acid, 
but when heated with caustic potash, it passes into a crystalline 
w^ell-defined acid of the same composition. This is also formed 
by boiling the oil with strong hydrochloric acid, or heating it 

' Bcr, DetUseh, Chem, Ges, ziii. 2340. 

= Zeituch. Chem, 1871, 245. 

* Ln^eAnark, Jotim. Buss, Chem, Ges. xii. 290. 

^ Kalilbaum, JBcr, Dcutach, Chem. Ges. xii. 2387. 
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gently with concentrated sulphuric acid. To this latter acid 
Hofmann has given the name of %orlic acid^ whilst he distinguishes 
the oil as parasorbic acid?- 

According to Fittig and Barringer, the oily product is merely 
impure sorbic acid, and the admixture is removed by the treatment 
with alkalis or acids.* 

Sorbic acid is scarcely soluble in cold, and only moderately 
soluble . in hot water, but dissolves easily in alcohol and ether. 
It crystallizes from boiling dilute alcohol in long needles, which 
melt at 134®-5, and boils at 228®, but decomposition then takes 
place, an odour like that of acrolein being given off, and u 
resinous mass remaining behind. Sorbic acid combines with 
nascent hydrogen forming hydrosorbic acid (p. 414). It also 
unites with either one or two molecules of bromine. Combined 
with hydrobromic acid it forms dibromcaproic acid, whilst with 
hydriodic acid it forms moniodcaproic acid. 

DiallyUAcetic Acid, (C3H5)2CH.C02H, is obtained from ethyl 
diallyl-acetacetatc, a peculiarly smelling oily liquid, which boils at 
239® — 241®, and is decomposed by potash solution yielding 
acetoTie, CHg.CO.CH(C3H5)2, boiling at 174® — 17*5®, and possessing 
an unpleasant smell, together with diallyl acetic acid.® This 
latter is an oily, strongly acid, unpleasantly smelling liquid, 
which boils ak 221® — 222®, and is oxidized by nitric acid to 
tricarballylic acid. 

Diallyl-acetic acid is also formed by heating diallyl-malonic 
acid, (C3Hg)2C(C02H)2, a compound which crystallizes in long 
prisms, and melts at 133®.^ 

DiallyUOxyacctic Acid, (C3H5)2C(0H)C02H. This compound, 
known as diallyUomlic acid, is obtained by the action of zinc 
and allyl iodide on ethyl oxalate. It crystallizes in needles, which 
melt at 48®-5.® 

8o2 Stearoleic Acid, C18H32O2, is formed by the action of 
alcoholic potash on dibromstearic acid obtained from oleic or 
elaidic acid. It crystallizes from alcohol in long prisms which 
melt at 48®, and distil at a higher temperature almost without 
decomposition. It combines with a molecule of bromine yielding 
liquid' dibromoleic acid, and this by a further assumption of 

• ^ Ann. Chem, Fharm, cx. 129. 

3 Ann, Chem. Pharm, clxi. 325. 

* Wolff, Ann, Chem, Pharm, cci. 40 ; Reboul, Bull, Soe, Chim, xxix. 228. 

* Conrad and Bischoff, Ann, Chem, Pharm, cciv. 170. ' 

* M. Saytzew, ib, clxxxv. 183. 
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bromine passes into tetrahromstearic twid, CigHjgBr^Og, crystal- 
lizing in large plates wliich melt at about 70®. 

Nitric acid oxidizes stearoleic acid to atcaroayylic acid, ^18®-32®4> 
which crystallizes from alcohol in small glistening plates, and 
melts at 86®. At the same time azelaic acid and its aldehyde 
are also formed.^ Limpach was unable to obtain the last-named 
compound, but found, in addition to the two acids named, also 
pelargonic acid and nitric-oxide-pelargonic acid (Part I., pp. 
660, 661).2 

If stearoleic acid be fused with potash at a low temperature, 
an acid is formed which is either liypogmaic acid, or an 

isomeride of this ; at a higher temperature myristic acid, 
is formed.^ 

The homologues of oleic and elaidic acid, may, like these acids 
themselves, be converted into acids containing less hydrogen, 
and these latter are also formed from the doubly substituted 
fatty acids. In tlieir chemical relations these closely resemble 
stearoleic acid. 

The following acids of this series have been prepared : 


^ Undecolic acid 

CuHjgOj 

Small plates. 

M.P. 

59®*5 

^ Myristolic acid 


— 

12® 

® Palmitolic acid, 

OxgHggO, 

Needles. 

42® 

^ Behenolic acid, 


Needles. 

57® 5 


Linoleic Acid, C^^HgaGg, occurs as glyceride in linseed oil, and 
other drying oils (p. 478). Sacc was the first to point out that 
this acid differs from the oleic acid contained in other oils and 
fats, but he did not succeed in obtaining it in the pure state.^ 
It was then subjected to a more careful examination by Schule** 
who saponified linseed oil with soda solution, and precipitated 
the soap with calcium chloride. From the well-washed precipitate 
the calcium linoleate was dissolved by ether. The ethereal 
solution was then decomposed by means of hydrochloric acid, and 
the ether removed in a current of hydrogen. The residual acid 
had a dark yellow colour, and for the purpose of purification was 
dissolved in alcohol, the solution saturated with ammonia, and 
then precipitated by barium chloride. The barium linoleate 
thus obtained was re-crystallized from ether, and then converted 

^ Ovorbcck, Ann. Chem. Pharm. cxl. 89. * Jh. cxc. 297. 

* Marasae, Ber, Deutach. Cham. Oea. ii. .359. ^ Kraft, ib, xi. 1414. 

® Masino, Ann. Chm,. Pharm. ccii. 175, ® Schroder, ih. cxliii. 27. 

^ Hnusaknccht, ib. cxliii. 41. * Ann. Cham. Pharm. li. 221, 
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into the acid by a treatment corresponding to that described for 
the calcium salt.^ 

Linoleic acid is a thin oily liquid, which has a faint yellow 
colour, and refracts light powerfully. It remains liquid at 
— 18®, and at 14® has a spocidc gravity of 0*9206. It possesses 
a faintly acid reaction, and its taste is at first pleasant, but 
afterwards harsh. When treated with nitrous acid, it does not 
yield a solid product. Schuler obtained on analysis numbers 
corresponding to the formula given above, and his results were 
confirmed by Mulder. According to Siissengutli,^ its formula is 
CieHgflOg, whilst Oudemans obtained by Schulers metliod an 
acid from poppy oil which had the same composition as that got 
from linseed oil.* 

Linoleic acid is oxidized to suberic acid by means of nitric 
acid (Sacc). When exposed to the air it absorbs oxygen, and is 
finally transformed into linoxyn, a neutral, amorphous, 

elastic mass, which is insoluble in alcohol and ether, but swells 
up and dissolves in a mixture of alcohol and chloroform.^ 

The salts of linoleic acid, which are unstable and oxidize 
easily, have been but little examined. 

Eloeomargaric Acid, This acid, together with its 

isomeride, elmolic acid, occurs as glyceride in the oil from the 
seeds of ElceocQcca Vernicia. It forms rhombic tables which 
melt at 48®, and absorbs oxygen from the air and becomes 
resinous. Its alcoholic solution deposits on exposure to light, 
the isomeric compound, Elmostearic acid, melting at 71®. Both 
these acids when heated in an atmosphere of hydrogen to 
173® — 180° are transformed into liquid dmolic acid} 


DRYING OILS. 

803 Lvnmd Oil is obtained in large quantities from the seed of 
flax {Linum usitatissirmim), especially in England, Holland, and 
Russia. It has a peculiar smell and taste, and contains about 
eighty per cent, of trilinolein, together with triolein, trimyristin, 
and tripalmitin (Mulder). 

^ Ann, Chem, Pharm, ci. 252. " ZeiUeh, Chm, 1865, 563. 

* Jfikrtsh, 1858, 304. « Mulijer, ih, 1858, 323. 

^ Clo8r, BM, Soe, Chim, [2], xxvi. 2S6 ; xxviii, 24 ; Jahresb, 1878, 738. 
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When a thin layer of the oil is exposed to the air, it takes np 
oxygen, the glycerin being oxidized to carbon dioxide, formic 
acid and acetic acid, and Anally an elastic mass remains behind 
which is a mixture of linoxyn with the fatty acid, and oleic acid, 
or the oxidation products of these. 

When linseed oil is boiled in presence of air, it forms linseed 
oil varnish, which dries more rapidly than the unboiled oil. 
According to Mulder, a portion of the trilinolein is thus 
decomposed, and the linoleic acid passes into an elastic 
caoiffcchouc-like mass, which he terms linoleic anhydride. 

By continued boiling this is formed in large quantity, and a 
mass is obtained which may be drawn out into long threads, is 
very sticky, and does not produce a fatty stain on paper. It is 
used in the manufacture of printers’ ink. 

The varnish ordinarily used for oil colours is prepared by 
boiling linseed oil with three per cent, of litharge or red lead, 
when the above reaction takes place, and lead linoleate is also 
formed, which adds to the hardness of the varnish. 

In consequence of the presence of lead, such varnish darkens 
after a time if exposed in places where sulphuretted hydrogen is 
evolved. To avoid this, a varnish free from lead may be used, 
prepared by using oxide of manganese. The borate serves, how.- 
ever, better than the oxide for this purpose. If 100 parts of 
linseed oil be heated with 1’5 parts of manganese borate for a 
quarter of an hour, not quite to the boiling point, a varnish is 
obtained which dries in twenty-four hours. 

Linseed oil is also largely used for the preparation of oil 
varnishes, which are very durable, and are little attacked by 
heat or moisture. These are prepared by adding boiled linseed 
oil, which has been prepared without lead oxide, to melted 
amber, copal, or other gum, and then diluting with oil of 
turpentine. 

Tho sulphur balsam of the pharmacopoeia {Bahamum 
Siilphnris s. Oleum Lini mlfuratum), is prepared by boiling one 
part of flowers of sulphur with six parts of linseed oil, until it 
forms a reddish-brown, tough, very unpleasantly smelling mass, 
wliich is soluble in oil of turpentine. In this operation a large 
quantity of sulphuretted hydrogen is given off, together with 
other volatile products, of wliich one has been isolated by 
Anderson, and termed by liim odmyl. This is a mobile re- 
fractive liquid, wliich contains sulphur. It boils at about 71°, 
and possesses an unpleasant alliaceous smell.^ 

* ^ Ann, Chem, Pharm, Ixiii. 370, 
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Foppy Oil is obtained from the seeds of the poppy {Papaver 
somniferum). It has a pleasant taste, and is therefore much 
used in some countries for cooking purposes. It is also used 
in the manufacture of curd soap, and for the preparation of 
artists’ colours. It contains the glycerides of linoleic acid, oleic 
acid, lauric acid, myristic acid, palmitic acid, and stearic acid. 

Walnut Oil is used for the same purposes as poppy oil, from 
which it differs by containing no tripalmitin or tristearin. 

Hemp Oil is obtained in large quantity, especially in Russia, 
from the seed of hemp {GannaJm saliva). It has a greenish or 
brownish-yellow colour and smells strongly of hemp. It is used 
in the preparation of soft soap and in the manufacture of 
varnish for dark colours. 

Jiankune Oil (Huile de Bancoiil) is prepared from the kernel 
of the nut of the candleberry-tree {Aleurites triloba), which 
is indigenous to the Moluccsis and the South Sea Islands, 
but is now cultivated in other tropical countries for the sake of 
its nuts, which have a taste similar to walnuts, and when dried 
are used by the South Sea Islanders instead of candles. They 
yield an oil which serves excellently for the preparation of 
oil colours, but as yet it has come but little into European 
commerce. 

Chinese Woqil Oil is obtained by pressure from the seeds of 
Aleurites corddta s. Elceacocca Vernicia which is indigenous 
to China and Japan. It is used for painting ships, for the 
preparation of varnish, and also in medicine. 



COMPOUNDS OF TETRAD ALCOHOL RADICALS. 

Of these only the following one is known : 

804 C4Hg(OH)4, was prepared in 1848 by Stenhouse 

from several kinds of liclien and termed Evythroglucin, Pscudordn 
or Erythromannite?- Its correct formula was afterwards deter- 
mined by Strecker 2 Lamy having about the same time de- 
scribed a substance to which he gave the name of Phycite,^ 
found in the alga Protococcus vulgaris, frequently covering the 
stems of trees, &c., and closely related to the so-called red 
snow (P. niimlis). R. Wagner suggested that phycite is identical 
with erythrite,^ and Lamy afterwards showed that this is the 
case.® 

The lichens from which erythrite is obtained are of a species 
of orchella weed such as Poccella, These are used in the pre- 
paration of archil, and contain eryihrin, CgoHggOjQ, which is an 
orsellinate of erythrite, and is decomposed into this acid and 
erythrite when boiled with baryta-vrater or milk of lime : 

-t- 2 H ,0 = 2C8H3O4 + C 4 H,( 0 H )4 

For the preparation of erythrite, B, tinctoria or Jt. fuciformis 
is treated with dilute milk of lime, filtered, and the solution 
precipitated with hydrochloric acid. The precipitate is well 
washed with water, and then boiled for several hours with milk 
of lime ; it is then filtered, the solution concentrated, and the 
lime removed by carbon dioxide. The solution is next 
evaporated to a syrup, mixed with sand, and treated with ether, 
in order to remove orcin, C7H8O2, which is a product of decom- 
position of orsellinic acid. The erythrite is extracted from the 
residue with water and precipitated from the concentrated solu- 
tion by the addition of alcohol. It is then washed with cold 

1 PhiL Trans. 1848, 76 ; 1849, 899. * Ann.CJicm. Pharm. Ixviii. 111. 

* Ann, Chim. Phys. [3], xxxv. 138. ^ Journ. Prakt. Chem, Ixi. 125. 

® Ann. Chim. Phys, [SJ li. 232. 
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alcohol and recrystallized from its hot aqueous solution after 
treatment with animal charcoal.^ 

De Luynes obtained it in the following way from B, Montagnei. 
The erythrin prepared from the lichen is heated with mills 
of lime to 150® in an iron vessel, air being excluded. The 
filtrate freed from lime is concentrated in order that the orcin 
may crystallize out, and a mixture of orcin and erythrite is 
obtained from tlie mother-liquor, these being then separated by 
means of ether. The residual erythrite is dissolved in the, 
smallest possible quantity of water and about one-third past its 
volume of alcohol added. The small crystals which separate 
out ajre dissolved in water, animal charcoal added, the liquid 
filtered, and the hot concentrated solution decomposed by adding 
one-fifth part its volume of alcohol, when, on cooling, fine large 
crystals separate out.^ 

Orcin and cry tbrol may also be separated by means of boiling 
benzene, in which the last named is insoluble.^ 

Erythrol dissolves readily in water and crystallizes in 
quadratic prisms which have a sweet and cooling taste. It 
is not fermentable by yeast and does not reduce copper salts ; it 
melts at 120® (Hesse) and volatilizes, with partial decompo- 
sition, at about 300®. When heated with concentrated hydri- 
odic acid it is transformed into secondary butyl iodide (Part I. 
p. 582), whil^ when heated with concentrated formic acid 
to 230® it yields htdine^ the radical of erythrite, whilst at 
the same time hutine glycol, C4Hg(OH)2, a thick liquid boiling 
at 199® — 200®, and its monoformin, C^Hg(OH)CH02, boiling 
at about 190®, are also formed.* Phosphorus pentachloride 
converts erythrol into the corresponding chloride, a body 
already described as butine tetrachloride. When a solution 
of erythrol is treated with platinum black and allowed to stand 
in contact with air, erythritic acid, C 3 H 4 ( 0 H) 3 C 02 H, is produced, 
and this forms a deliquescent crystalline mass.^ Dilute nitric 
acid oxidizes erythrite to oxalic acid and an inactive tartaric acid. 

805 Erythrol Dichlorhydrin, or Butine Dichlorhydrate, 
C 4 H 3 Cl 2 (OH) 2 , is formed in feathery crystals when erythrite 
is heated^in a current of hydrochloric acid to 120® — 130®.® It 

' ^ .Hofmann, Ber, Deutsche Chem, Oea, vii. 512. 

* ® Ann. Chim. Phys. [4], ii. 399. 

^ * Stenhoose, Joum, Chim. Soc. [2], v. 222. 

* Henninger, Ber. Dcutsch. Cham. Ges v. 1059. 

* Sell, ZcUsch. Chem, 1866, 12. 

* Przibytek, Ber, Deutseh, Chem, Ges. xi^. 2072. 
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is also produced when erythrite is heated for 100 hours to 100® 
with ten to fifteen times the quantity of fuming hydrochloric 
acid (De Luynes). This result is produced more quickly if a 
temperature of 120® — 130® be used (Przibytek). It is soluble 
in water, and separates from ether in small crystals which melt 
at 124®— 125®. 

Erythrol Dibr(mhydrin, C4HgBr2(OH)2, is obtained when 
erythrite is heated with hydrobromic acid and forms crystals 
which melt at 130® and are insoluble in water.^ 

AcXd Btitine Tetramlphate^ or Erythrol Tetrasulphuric Acid, 
0^114(80411)4, is produced when erythrol is dissolved in chlor- 
sulphonic acid, and forms a heavy white mass consisting of 
small prisms, and it yields also crystalline salts.^ 

Butina Tetranitrate, or Nitroerythrol, C4H^(N08)4, is formed 
by dissolving erythrite in well-cooled concentrated nitric acid, 
and then precipitating by sulphuric acid. It is insoluble in 
water, but crystallizes from alcohol in. large glistening plates, 
which melt at 61®, and when more strongly heated inflame and 
burn rapidly with a dull flame. The compound explodes on 
percussion, and is transformed by alcoholic ammonium sulphide 
into erythrite again.® 

When erythrol is heated with organic acids the ethereal salts 
of these acids are obtained. They have, however, as yet not 
been closely examined.^ 

^ Champion, Compt, Bmd. IxxiiL 114. 

3 Claesson, Joum. Prakt. Chem, [2], xx. 7. 

* Stenhouse, Ann, Ohcm, Pharm, Ixxx. 225 ; cxx. 302. 

* Berthelot, Chim. org, aur UafoTuUe mr la Sywtheae, ii. 221. 
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COMPOUNDS OF HEXAD ALCOHOL EADICALS. 

Mannitol, or Mannite, CeH8(OH)g. 

806 The compound, formerly known as manna mgar, and now 
also termed a-hcxone alcohol, was discovered in manna by Proust 
in 1806 .^ This latter consists of the evaporated sap which 
exudes from various species of ash {Fraximis ormts and rohindi- 
folia), some of which are cultivated in Southern Europe and 
in Calabria and Sicily, The manna which the Israelites are 
said to have used as bread during their wanderings in the 
wilderness probably exuded from the branches of the Tamarix’ 
mamnifera, which contains no mannite but a fermentable sugar, 
whilst that Vhich fell from heaven probably was the edible 
lichen, Sjpacrothallia esculenta, which grows in Asia Minor, Persia, 
North Africa, &c., is carried in masses before the wind forming 
a rain of manna (Luerssen).^ 

Mannite occurs wddely distributed in the vegetable kingdom, 
being found in the roots of celery, in monkshood {Aconitmn 
Tuipellus), in the leaves of Syringa vulgaris^ in the olive, in 
the bark of Canella afba, in the sap of the larch {Finns Larix), 
in the sugar-cane, in various algae, in many fungoid growths, &c. 
After immoderate water-drinking it is found in the urine. It is 
also formed in the lactic and mucous fermentations of sugar, and 
it may be obtained from the isomeric saccharoses, dextrose and 
laevulose, CgHigO^, the corresponding aldehydes (see sugars, &c). 

For the preparation of mannite, manna is dissolved in half 
its weight of boiling water, the solution clarified with white of 
egg and filtered boiling hot. The mannite which crystallizes out 
is separated from the liquor by pressure, and recrystalfized from 

^ Ann, Chim, Ixvii. 143. . i 
^ Beilsteiii, Org. C/tm. 553. 
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hot water, after treatment of the solution with animal charcoal. 
Mannite may also be extracted from manna by boiling dilute 
alcohol, and the crystals which separate on cooling are then 
recrystallized from water or alcohol. Agaricus integer^ a 
commonly-occurring fungus, may also be used as a source of 
mannite, it containing, in the dry state, from nineteen to 
twenty per cent, of this substance. 

Mannite has a pleasant sweet taste, and dissolves at 16°'5 in 
6*22 parts of water. It is much more readily soluble in boiling 
water, and crystallizes in small rhombic prisms. It is much less 
soluble in alcohol, and from this solution separates in needles ; 
and it is insoluble in ether. It melts at 166**, and on prolonged 
fusion partially volatilizes. The aqueous solution is optically in- 
active, but on addition of borax becomes strongly dextro-rotatory,^ 
whilst caustic soda imparts to it a lievo-rotatory power.^ When 
heated with concentrated hydriodic acid, mannite is transformed 
into secondary hexyl iodide (Part I., p. 627). 

A mixture of mannite and platinum black, moistened with 
water, oxidizes in the ixiriovmmgmanniticacid, C5H5(0H)5C02H, 
a gummy mass, and its aldehyde, CgHigOg, which belongs to 
the class of fermentable sugars, aiid is known as mannitose? 
This will be afterwards described, as also sacclmric acid, 
04114(011)4(00211)2, formed by the oxidation of mannite with 
nitric acid. 

807 Mannitan, O^Hi^Og, is formed when mannite is heated to 
200° or boiled for some time with concentrated hydrochloric acid. 
It is a syrupy liquid having only a slightly sweet taste, and deli- 
quesces on exposure.^ It has a feeble dextro-rotatory power,® 
and on long boiling partially recombines with water, forming 
mannite. 

If mannite be heated with half its weight of sulphuric acid to 
120° — 125° a mannitane is produced which has strongly dextro- 
rotatory power, and does not re-unite with water to form 
mannite (Vignon). Both modifications dissolve readily in cold 
alcohol. 

When the mannitane prepared by means of hydrochloric acid 
is exposed for some months in a dry atmosphere, it deposits 

' Vignott, Ann. Chim. Phys. [5], ii. 440. 

^ Muntz and Aubin, ih, [5], z. 556. 

* Gorup-Besanez, Ann, Chem. Phann. cxviii. 257. 

^ Herthdotii Ann. Chiini. Phys. [3], xlvii. 306. 

^ Bonchardat, Ann. Chim, Phyo. [S], vi. 102. 
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. crystals from which the syrupy mother-liquor may be 
separated by washing with absolute alcohol. Crystallized 
mannitane consists of monoclinic tables dissolving readily in 
water, and being easily transformed into mannite on boiling 
with this liquid. 

Mannite Dichlorhydrin, or a-IIexone Dichli/rhydride, C^Hg 
(OH)4Cl2, is formed when mannite is heated for ten to fifteen 
hours at 100° with fifteen times its weight of aqueous hydro- 
chloric acid which has been saturated at 0°. The solution is con- 
centrated over sulphuric acid and quicklime, when the compound 
separates out very slowly in monoclinic crystals which melt with 
decomposition at 174° atid are laivo-rotatory. 

Mannite Dihroinhydrin, CQHg(OH)^Br2, is obtained in a 
similar way to the foregoing compound, and closely resembles 
it, except in that it is insoluble in cold water, and melts at 
178° with evolution of hydrobromic acid. 

If these compounds be boiled with water they are converted 
into the monochlorhydrm^ CgHgOCl(OH)3, and mo 7 iobromh?/drm, 
CgHgOBr(OH)3, of mannitan respectively. Both are crystalline, 
melt below 100°, and dissolve readily in water. If they are 
boiled for a longer time with water, mannite is again obtained 
(Bouchardat). 

Acid Sulphates of Mannite, When mannite is dissolved in 
concentrated sulphuric acid, the disulphate, CoHa(0 11)4(80411)2,^ 
and the trisulphate, CgHQ(0H)3(S04H)j,,2 are formed. Those 
form readily soluble salts, and on heating witli water are 
decomposed, yielding mannite again. 

Mannite Ilemsulphuric Acid, or a-Hexone Hcxasulphate, 
CgH3(S04H)g, is obtained by dissolving mannite in chlor- 
sulphonic acid : 

CeH8(OH)g -h 6CISO2.OH = CgH8(0.S02.0H)g + CIIGl. 

As the product is uncrystallizable it has not as yet been 
obtained in the pure state, but several of its salts have been 
prepared. Of these hariuin hexhexone sulphate, CgH8(S04)gBa3+ 
oBgO* is characteristic, and is obtained by neutralizing the 
freshly prepared aqueous solution of the acid with barium 
carbonate, the mixture being well cdoled during the operation. 
On adding absolute alcohol to the solution thus obtained, the salt 
is thrown down as an oily liquid, which spontaneously passes 

^ Favre, Ann. Chim, Phys. [3], xi. 77 ; Berthelot, ib, [3], xlvii. 836. 

* Kunp and Schnadermann, Ann, Clum, Pharm, li. 132. 
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into a crystalline modification which is completely insoluble' 
in water and acids. Similarly, if the aqueous solution of the 
salt be evaporated on the water-bath the insoluble forms 
separate out in crystalline crusts. The free acid and also the 
solutions of its salts are strongly dextro-rotatory. The acid 
in aqueous solution readily changes into the tetrasulphate, 
CqH 8(0H)2(S04H)4, which has a weaker dextro-rotatoiy power 
and forms amorphous salts.^ 

8 qp Nitro-mannitCt or a-Hexone Hexnitrate, CgH 8 (N 03 ) 8 . This 
compound was first obtained by Flores Domonte and MeSnard,* 
and by Sobrero,^ by acting on mannite with a mixture o^ con- 
centrated nitric and sulphuric acids. Its correct composition 
was afterwards established by Strecker,^ and Knop was the first 
to put forward the view that it is not a nitro-compound, but 
contains nitric acid.® 

To prepare nitro-mannite one part of finely powdered mannite 
contained in a mortar is treated, in small quantities at a time, 
with five parts of well-cooled nitric acid of specific gravity 1 * 5 , 
and the clear solution is then poured into a vessel kept cold by 
ice or snow, and ten parts of concentrated sulphuric acid added, 
the mixture being kept well stirred. After a few hours the curdy 
mass which is formed is brouglit on to an asbestos filter, the 
liquid filtered off, and the residue well rubbed up with water 
until it has only a weak acid taste. Tlie product is then 
washed with hot solution of carbonate of soda, and afterwards 
purified by recrystallization from hot alcohol.® 

Nitro-mannite crystallizes in needles which melt at 112 ° — 118 °, 
and on carefully raising the temperature they quietly decom- 
pose. If, however it be thrown on to glowing charcoal it 
deflagrates strongly, and when struck with a liammer it explodes 
more violently than fulminating mercury. Its alcoholic solution 
is dextro-rotatory. When treated with sulphuric acid it evolves 
fumes of nitric acid, and when treated with ammonium sulphidc,’^ 
acetic acid and ice,® or hydriodic acid,® it is re-converted into 
mannite. Mannite is also formed when nitro-mannite is boiled 
for some time with a solution of acid ammonium sulphite, w'hilst 

^ Claesson, Joum. Prdkt. Chem. [2], xx. 10. 

* Compt, Bend. xxiv. 89 and 391. • Ib. xxv. 21. 

* Ann. Chem. Pharm. Ixxiii. 59. ® Joum. Prakt, Chem, xxii. 228. 

® Sokolow. Joum. Ruas. Chem. Qea. xi. 136. 

^ Dessnignes, Cmipt. Rend, xxxiii. 462. 

B Q4chsnip, Ann. CkUhn. Phys. [3], xlvi. 354. 

® Mills, Jmm. Chem. Soc. xvii. 153. 
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*at the same time ammonium sulphate^ nitrate, and nitrite are 
produced.^ 

If dry ammonia be passed into an ethereal solution of nitro- 
mannite, evolution of gas takes place, and a semi-fluid black 
mass separates out, which contains ammonium nitrite and nitrate, 
together with other bodies. If the liquid be poured off from 
this, the ether allowed to evaporate, and the residue crystallized 
from alcohol, long needles arranged in stellar groups are first 
deposited. These are either liexonepentanitQ'atCy C0Hg(OH)(NO3)g, 
or have the formula [C3Hg(N03)5]20. They melt at 77 °— 79 ®, 
deflagrate slightly when more strongly heated, and explode on 
percussion. From the alcoholic mother-liquor, water precipitates 
syrupy mannitantdmnitratc^ CgHg0(N03)4, which on percussion 
detonates more powerfully than nitro-mannite,® 

809 a-Uexone Hexaectate, CgHg(C 2 H 302 )e. is produced, together 
with manuitan acetates, when mannite is heated with acetic 
anhydride.® It is best prepared by warming mannite with four 
times its weight of the anhydride and some zinc chloride, when 
a moderately brisk reaction sets in in a few moments,^ The 
acetate forms rhombic crystals which melt at 119 ®, and are 
dextro-rotatory. They are insoluble in cold water, alcohol, and 
ether, but dissolve somewhat* on heating, and very readily in 
acetic acid. ^ 

According to Schiitzenberger, the first product of the action of 
acetic anhydride on mannite is the compound 
which in the pure state forms a light white mass, which has a 
slight sweet but somewhat bitter taste, and on saponification 
yields mannitan, the molecular formula of which is therefore 
probably 

When mannite is heated with glacial acetic acid to 200“— 220® 
mannitan diacetate, CgHij(C2Hj0,)20j, is formed. This is a 
very bitter syrup, which on saponification yields acetic acid and 
mannitan. 

By heating mannite with other fatty acids, Berthelot has 
obtained a series of ethereal salts of mannitan 

^ A. and W. Knop, Journ, Frakt, Chem, Ivi. 837. 

> Tichanowitfich, ZcU^ch, Chem, 1864, 482. 

® Schiitzenberger, Ann, Chem, Pharm, clx. 94 ; Bouckardat, loe, eit 

* Franchimont, Per, Deutsch. Chem, Ges, xii. 2059. 

® Ann, Chim, Phys, [3], zlvii. 315. 
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Dulcitol, Dulcite, or )8-Hexone Alcohol, 

8 10 In 1836, Hlinefeld found that a peculiar crystalline body, 
termed by him melampyrin,^ exists in the sap of Melampyrum 
ner/iopamm, and M. vulgatum. This body was then further 

?£mined by Eichler, who found it also in Scrophularia nodosa, 
and Bhinanthus Ghrista-Galli, but the formula assigned by him 
to the substance was an incorrect one.* 

In 1848, Laurent examined certain crystalline lumps of 
unknown origin, which were sent from Madagascar to Paris 
in large masses, and found that their principal constituent was 
a sugar-like substance, which he considered to be a homologue 
of grape sugar, or of the glucoses, termed it dulcose, 

assigning to it the formula C 7 Hj 40 g,* whilst Jacquelain believed 
its composition to be CgHigOg, and termed it didci7ic*‘ Souberan 
came to the conclusion that it was mannite,® and soon after 
Laurent recognized the fact that it is an isomeride of mannite.^ 
Finally Gilmer showed that dulcite is identical with melampyrin 
and with the evonymite which Kubel found in the sap of 
Bvonymus Europmm? 

The Madagascar manna, as the above-mentioned lumps 
were termed, consists almost entirely of dulcite, and this is 
readily extracted by treatment with hot water. Dulcite may 
be obtained from Melampyi^i^n nemorosum by boiling the plant, 
dried when flowering, with water, adding milk of lime to the 
decoction till just alkaline, and again boiling, and then decom- 
posing the filtered solution, after sufiicient evaporation, with 
hydrochloric acid. The dulcite then separates out and is 
purified by recrystallization, 

Dulcite is also formed by union of hydrogen with galactose, 
CgHigOg, a saccharose obtained from milk-sugar, and an aldehyde 
of dulcite. 

Dulcite has a taste less sweet than that of mannite, and is 
also less soluble in water, dissolving at 16®'5 in thirty-four parts 
of this liquid. It is but very slightly soluble in alcohol, and 
does not dissolve in ether. It crystallizes in monoclinic prisms 
which melt at 188®*6. When heated with concentrated hydriodic 
acid it yields the same secondary hexyl iodide as is obtained 

' Jmm, Prakt, Chem, vii. 233 ; ix. 47. 

» Jahmh, 1866, 665. 

* Compt, lUnd. xxx. 41. * Ih. xxxi. 625. ® lb, xxx. 339. 

* Ijaurant and Gerhafdt, Compt. Reml, 1851, 29. 

^ Ann, 0km, Pharm, cxxiii. 372. 



490 


COMPOUNDS OF HEXAD ALCOHOL RADICALS. 


- from mannite/ but it differs from the latter substance inasmuch 
as nitric acid does not oxidize it to saccharic acid, but to the 
isomeric mucic acid. Dulcite dissolves when warmed with 
concentrated hydrochloric acid, and on cooling down to 0° the 
compound, + HCl + SHgO, separates out in large 

crystals which lose hydrochloric acid on exposure to air, and are 
decomposed into their" constituents when treated with water or 
alcohol. It forms corresponding compounds with hydrobromic 
and hydriodic acids.^ 

8ii Dulcitan, is formed when dulcite is heated for 

some time to 200°, and is a viscous syrup, which dissolves readily 
in waiter and alcohol, but is insoluble in ether, and is perceptibly 
volatile at 120°. When exposed to moist air, or on heating 
with baryta-crystals and water to 160°, it is partially trans- 
formed into dulcite. When dulcite is heated with organic 
acids, ethereal salts of dulcitan are formed, some of which are 
crystalline and others amorphous.^ Dulcitan differs from the 
isomeric mannitan by acting as a peiitatomic alcohol, and it 
may therefore bo termed hexmiyl alcohol, CgH 7 (OH),j, 

Dulcilol Dichlorhydrin, or ^-Hexone JDichlorhydratc, CgHg(OH)^ 
Clg, is obtained in a similar way to the corresponding mannite 
derivative. It crystallizes in small tables which are insoluble 
in water, and '‘at 180° it splits up into hydrochloric acid and 
dulcitan chlarhydrin, or hcxonyl chlorhydratc, CqHy(OH)4C1, tliis 
compound being also produced on boiling with water. It 
crystallizes in long easily soluble needles, wliich melt at 90°, and 
are dextro-rotatory. It readily unites with hydrochloric acid, 
forming again the dichlorhydrin, whilst with hydrobromic acid 
it yields the chlorbromhydrin CgHg(OH) 4 Cl Br. 

Dulcitol Dihrmnhydrin, CQHg(OH) 4 Br 2 , crystallizes in small 
tables, which are insoluble in cold water, whilst when dissolved 
in hot water they yield dulcitan hroinhydrin, CgIl 7 (OH) 4 Br. 
This latter forms long very soluble needles, which melt at 143°, 
readily reunite with hydrobromic acid, and yield the dichlor- 
hydrin on treatment with fuming hydrochloric acid. 

If any one of the foregoing compounds, and the best for this pur- 
pose is dulcitan chlorhydrin, be heated with alcoholic ammonia, 
dulcitamine, CgHg(OH 5 )NH 2 , is formed. To separate this, the 
solution is evaporated and the hydrochloride extracted by means 

^ Wanklyri and Erlenmeyer, ZcUseh, Chem, 1862, 641. 

® Boiichnrdat, Ann, Chim. Phys, [4], xxyii.^168. 

* Bcrthelot, Chivu Org, Synth, ii. 209. 
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of absolute alcohol. On then adding ether the salt crystallizes 
out in needles. By the action of silver oxide on the aqueous 
solution the free base is obtained, and this on evaporation forms 
a thick syrup, having a strongly alkaline reaction, absorbing 
carbon dioxide from the air, and decomposing ammoniacal 
salts.^ 

Sulphates of DulciloL According to Eichler, dulcite when dis- 
solved in sulphuric acid yields the acid irisulpliate^ C0Hg(OH)3 
(80411)3, whose barium salt is amorphous. When dulcite is 
dissolved in chlorsulphoiiic acid, acid, dulcitan pcntamlphatc^ 
0^117(80411)5, is formed. This is a syrup wliich on warming 
with water, splits up into dulcitan and sulphuric acid. 

S-Hcxonc Hcicnitrate^ov Nitrodulcilol,G^f^O.^Q, is obtained 
by dissolving one part of dulcite in five parts of fuming nitric 
acid; adding ten parts of sulphuric acid, and then pouring the 
mixture quickly into ten to fifteen parts of water.^ The salt 
which separates out crystallizes from alcohol in beautiful 
flexible needles which melt at 85°*5. At the ordinary tem- 
perature these give oif acid vapours, and when they are kept 
for a few months at a temperature of 35® to 40® they are 
transformed into the teiranUrale, CyH8(0H)2(N03)4, less 
soluble in alcohol than the former compound, and crystallizing 
from this solution in transparent needles. 

Acetates of DulcitoL When ten parts of dulcite are dissolved 
in a boiling mixture of twelve parts of acetic anhydride and 
120 parts of glacial acetic acid, and the mixture allowed to 
cool, fi-liexmie diacetate^ C5Hg(0H)4(C2li802).2, is formed. This 
crystallizes from hot water in thin tables which melt at 175®, 
and have a feeble dextro-rotatory power. 

When dulcite is heated with an equal quantity of glacial 
acetic acid, and three times its amount of acetic anhydride, 
^-liexons hexacctate, 05X18(0211302)0, is formed, and this cry- 
stallizes from boiling alcohol in leaflets which melt at 171®. 

^-Hexone PcntacetochlorhydHn^ 05118 ( 0211302 ) 501 , is obtained 
by heating dulcite with acetyl chloride. It forms microscopic 
crystals, which on boiling with alcohol are converted into p-hexone 
pentacetate, 05X18(0211302)5011, this latter crystallizing in fine 
needles melting at 163®. If, however, it be heated for some 
time to 200® a brittle resinous mass of hcxonyl pentaceialc^ 
05X17(02X1302)5, is formed. 

1 Bouchardat, Ann^ Chim. Phys. [4], xxvii. 197. 

* Bdehamp, Comyt^ Raul, U. 255 ; see also Chaini>ion, Ixxviii. 1150. 
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8 X2 laodvlcUe, C does not occur in the free state in nature^ 

but is found as a peculiar ethereal salt belonging to the class of 
glucosides. On boiling with dilute sulphuric acid this splits up 
into isodulcite and other bodies which will be hereafter described. 
Isodulcite was first obtained by Hlasiwetz and Pfaundler from 
quercitrin, a body occurring in quercitron bark, a product con- 
tained in the bark of the Quercm tinctoria} Liebermann and 
Hdrmann afterwards prepared it from XanUhorhamnin contained 
in Rhamnus infectorius and R. tinctoria? 

Isodulcite dissolves readily in water, has a very sweet taste* 
and crystallizes in largo, transparent, glassy, monoclinic prisms 
or tables, which melt at 92° — 93° and are dextro-rotatory. At 
100° it is converted into amorphous isodulcitan, CgHjgOg, and 
this on solution in water again yields isodulcite. If sodium 
alcoholate be added to a solution of isodulcite in absolute alcohol, 
the compound, O^jHi^Na^Oc, is precipitated as a crystalline 
powder.^ When isodulcite is heated with concentrated hydriodic 
acid, it is converted for the most part into a tarry mass, whilst at 
the same time a heavy liquid, containing iodine, distils over. 
This is a mixture of several bodies which have not as yet been 
separated.^ The action of a mixture of concentrated nitric 
and sulphuric ^cids transforms isodulcite into nitro-isodulcitan, 
CgHg(N 03)305, ah amorphous and insoluble body which explodes 
slightly on percussion. 

When oxidized with dilute nitric acid, isodulcite yields dibasic 
isodulcitic acid, C^Hj^Og, remaining on evaporation of its solu- 
tion as a syrup, from which crystalline grains separate out on 
standing.® 

813 SorHte, (CgHj^Og)^ + HgO, occurs in mountain-ash berries, 
and in the vinous liquor obtained from these by fermentation. If 
this latter be precipitated with lead acetate and the filtrate, after 
treatment with sulphuretted hydrogen, be allowed to evaporate, 
a syrup remains behind from which sorbite gradually separates 
out in crystals. It loses its water of erjstallization at about 
100°, and then melts at 110° — 111°.® 

814 Finite, CgHigOj. This compound, isomeric with mannitan, 

^ Ann. Chem, Fhann. czzyii. 862. ^ Ih. czevi. 823. 

’ Liebermann and Hbrnmann, Bcr. Detitsch, Chem. Oes. xii. 1186. 

^ Dale and Schorlemmer, ib. zi. 1197. 

* Mfdin, Ann, Chem, Pharm, czlv. 197. 

* fiousaiogault, Arin, Chim, Fhy$, [4], xxvi. 376. 
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&c., forms the principal constituent of the pine-sugar contained 
in the sap of Finns lamhertiana, which grows profusely on the 
western slopes of the Sierra Nevada in California. This collects 
at the foot of the tree, in holes burnt into the trunk, in dark 
round lumps and is used by the Indians as a food.' Finite is 
exceedingly soluble in water, has a very sweet taste, crystallizes 
in hard white nodules, and is dextro-rotatory. 

A substance isomeric with pinite has been obtained by Eichler 
and termed quercite, but this, as is also probably the case with 
pinite itself, is not connected with the group of fatty bodies, and 
will be described hereafter. 

^ Berthelot, Ann. Chim. Phys. [3], xlvi. 76 ; Johnson, JoiArn, PrakU Clicm, 
Ixx. 246. 



CAUBOHYDRATES. 

815 l^he above name has for some time past been given to a 
group of compounds which contain, in the molecule, six atoms of 
carbon or a multiple of this number, together with hydrogen and 
oxygen present in the proportion in which these elements unite 
to form water. 

Many of the carbohydrates constitute some of the most im- 
portant constituents of plants, some few are also found in the 
animal kingdom, whilst the larger number are well known as 
valuable articles of food. 

They consist of several distinct isomeric groups, most of whose 
members exhibit active optical properties deviating the plane 
of polarized light either to the right (+) or to the left ( — ). 


I, THE SUGAR GROUP. 


The Saccharoses, 

C12H22O11. 

+ Cane-sugar, or saccharose. 
+ Milk-sugar. 

Melezitose. 

-h Melitose. 

-f- Trehalose. 

+ Maltose. 


The Glucoses, 

4* Grape-sugar, or dextrose. 

— Fruit-sugar, or Icvulose. 
+ Galactose. 

4 - Arabinose. 

4- Eucalyn. 

— Sorbin. 

Inosite. 

Scyllite. 

Dambose. 


The saccharoses are ether-like compounds which are converted 
into glucoses on boiling with dilute sulphuric acid : 

°{c:n"o: + H.o-20.H„o, 
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Cane-sugar, when thus treated, yields equal quantities of grape- 
sugar and fruit-sugar. Such a mixture is widely distributed 
throughout the vegetable world, and is termed invert-sugar 
because it deviates the plane of polarization to the left, the 
specific rotatory power of levulose being at ordiliaiy temperatures 
greater than that of dextrose. Milk-sugar thus acted upon 
gives galactose and grape-sugar, the latter being also formed, 
together with cucalyn, from melitosc,' whilst all the other 
saccharoses apparently yield only grape-sugar. 

Of^the glucoses the first three alone have been carefully 
examined. They reduce ammoniacal silver solution with de- 
position of a metallic mirror. Grape- and fruit-sugar combine 
directly with nascent hydrogen to form mannitol, 0^11^(01-1)^, 
galactose yielding the isomeride diilcite. In these respects the 
glucoses act as aldehydes of these alcohols, but they do not 
exhibit the characteristic reaction of aldehydes discovered by 
Hugo SchifF, and which, according to Caro, is a general one for 
this class of compounds. 

This reaction consists in adding sulphurous acid to a solution 
of aniline-red until the latter is decolourized ; upon the addition 
of an aldehyde to this colourless solution it assumes a splendid 
violet tint. Grape-sugar does not give this reaction, and it 
and its isomers may, therefore, possibly be a ketone-alcohol, 
H0.GH2(CH.0H)3C0.CH2.0 H.i On the other hand, grape- 
sugar yields, on oxidation, monobasic gluconic acid, CgHj^O^, 
and dibasic saccharic acid, C^TT^^Og, whereas the above con- 
stitutional formula would point to the formation, under these 
conditions, of acids containing less tlian six atoms of carbon. 
It may, however, be remembered that Breuer and Zincke, in the 
examination of the acetic ctherof acetyljcarbinol,CH3.CO.CH2.0H, 
obtained by the action of potassium acetate upon monochlor- 
acetone, found that this, when oxidized by an alkaline solution 
of a cupric salt, did not yield, as was expected, pyro-racemic acid, 
OH3.CO.COOH, but formed ordinary lactic acid, CH3.CH(0H) 
CO.OH.2 In a similar way gr*apc-sugar may yield gluconic acid, 
and the formation of laevulinic acid (p. 249 ), a ketonic acid 
from grape-sugar, favours this view. 

* Victor Meyer, Ber, Deutsch. Chem, Ges, xiii. 2344. 

* Ber. DcuUch, Chem, Gcs. xiii. 635. 
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11. THE AMYLOSE GROUP 

+ Starch. • Laeyulin. . Gums. 

+ Dextrin. + Glycogen. Cellulose. 

— Inulin. 

Some of the members of this group are soluble in cold -or 
in hot water ; others soften and swell when brought in contact 
with water hot or cold, whilst cellulose is insoluble in water. 
They are all transformed by the action of acids into glucoses. 


THE SACCHAROSES. 

Cane- Sugar, Ci2H220ir 

* 8x6 Sugar was known to Eastern nations in early times, but 
was not introduced into Europe until the time of Alexander 
the Great, and it was at first used entirely as a medicine. 
Dioscorides, speaking of the different kinds of honey, says, 
“ Some are termed sugars {aaKjfapov), being a solid honey 
found in canes (eVl twv KaXapumv), coming from India and Arabia 
Felix, in consistence like salt, and capable like salt of being 
ground to pQwder between the teeth Pliny remarks on this 
subject, “ Saccharon ex Arabia fert, sed laudatius India ; est 
autem mel in arundinibus collectum, gummium modo candidum, 
dentibus fragile, amplissimum mucis avelLanae magnitudine, ad 
medicinse tantum usum.” The Arabians, and the physicians 
educated in their schools, speak of this product in similar terms. 
The oriental names for sugar are derived from the Sanskrit 
Sharhard, signifying a body in the form of granules or small 
stones. 

The cultivation of the sugar-cane spread from the far East 
to Arabia, Nubia, and Egypt. The Saracens extended its 
culture to Sicily and other islands of the Mediterranean, and 
the Moors introduced it into southern Spain and Portugal. In 
the year 1494, the sugar-cane was fii*st planted in Madeira, and in 
1495 it found its way to St. Domingo, and in 1503 to the other 
West Indian islands. We find it in the Brazils towards the 
beginning of the sixteenth century, shortly after which it was 
introduced largely throughout the American continent. 

The importation of sugar from these localities into Europe 
soon made this article better known. Libavius, in his Alchymia^ 
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published in 1595, mentions, Sacchari crystallini quod candi 
appellant he recommends a plan 'of purifying Madeira sugar 
by means gf albumen, and Angelus Sala in his Saccimrologia 
advises the use of egg albumen and lime-water for this purpose. 

817 The sugar-cane {SaccharuTnl oJjUdnarum) now planted in 
tropical countries contains from 16 to 18 per cent, of cane- 
sugar. Another gramineous plant {Sm^ghnyn saccharatum), also 
used as a source of sugar, is a native of Asia. The sugar-cane, 
as grown in the United States, yields on an average from 70 to 
75 per cent, of juice, containing from 6 to 7 per cent, of sugar. 
Many other species of grasses contain cane-sugar, thus the maize 
stems after flowering yield a juice which contains from 7-4 to 
0 per cent, of sugar, of which about half consists of cane-sugar. 
This source of sugar was employed by the ancient inhabittants of 
Mexico for the production of sugar. Many palms, such as 
Caryota urens^ used in Ceylon for the preparation of jaggery, 
also contain sugar. In Java and many of the East Indian 
Islands the Arenga palm (Sciguerus- sacchifera) and other species 
are employed as sugar-bearing plants. 

Marggraf ^ was the first to point out that sugar is contained 
in many kinds of fleshy roots, especially in those of beet (Beta 
vulgaris). These roots usually contain from 7 to 11 and some- 
times 14 per cent, of sugar.^ According, indeed, to Scheibler* 
as high a percentage as 20 is sometimes reached, and tubers 
containing less than 10 per cent, cannot now, owing to the 
fiscal arrangements in Germany, be x>rofitably used for the 
manufacture of beet-root sugar. Cane-sugar also occurs in the 
roots of Daucus carota^ Pastinaca sativa, Sitcvi sisarmn, and 
others. Madder-root likewise contains from 14 to 15 per cent, 
of sugar,^ It is moreover found in many seeds, such as almonds, 
walnuts, hazelnuts, and barley. Coffee-beans, before roasting, 
contain from 6 to 7 per cent.® The sap of many trees is also 
rich in sugar, as, for example, that of the lime, birch, sycamore, 
and especially the maple, the sugar-maple (Acer saccharinum) 
having long been used as a source of sugar in the Northera 
States. Cane-sugar is likewise found in the juice of many fruits, 
but almost always accompanied by invert-sugar (p. 494). As 
this latter sugar is derived from cane-sugar by the action of 

Schriften, Berlin Acad, 1747. 

* Gmelin, Handbook Organ. Chem, xv. 239. 

Ber, Entw, Deutsch. Ohem, hvd. ii. 186. 

* Stein, Joum. Prakt. Chem. evii. 444. 

* Graham, Steiihouse, and Camx>bcl], Quart. Journ, Chcni, Soc. ix. 83. 

VOL. III. . K K* 
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acids and of certain ferments, it has generally been supposed 
that cane-sugar is first formed during the process of ripening, 
and that this is afterwards converted into invert-sugar. Much 
may, however, be said against this view. Thus in acid fruits, 
such as the orange, the quantity of cane-sugar regularly in- 
creases during the ripening, ^ and the most acid of all fruits, the 
lemon, contains to 1 per cent, of invert-, 0*4 per cent, of cane- 
sugar, whilst grapes and sweet cherries do not contain any cane- 
sugar, though it is present in quantity in the juice of pine-apples 
and St. John s bread. In other instances it has been shown 
that the formation of invert-sugar precedes that of cane-sugar 
Thus the saccharine juice formed during the early period of 
vegetation contains only invert-sugar,^ and this appears to be the 
case with the sugar cane itself, as the cane when covered with 
young green leaves contains considerable quantities of invert- 
sugar, which passes into cane-sugar when the leaves dry up.^ 

The nectar of flowers contains cane-sugar ; in that of the 
flowers oi Rhododeiidron imitimim it may oven be found in crystals;* 
and in the nectar from a single flower of Gactm ackerifm7mi, 
Braconnot found 0*1 grin, of sugar.'^ In most cases invert-sugar 
accompanies the cane-sugar. 

The quantity of sugar contained in the nectar of certain 
flowers has been determined by A. S. Wilson,® who finds that in 
'order to produce 1 kilo, of sugar 5,600,000 flowers of red clover 
must be used. 

Honey is likewise a mixture in varying proportions of the 
two sugars, as it is obtained by the bees from the nectar. If 
bees be fed with grape-sugar their honey contains this variety 
of sugar.^ Roders found that heather-fed honey contained 
invert- but no cane-sugar, whilst Cuba honey contained none of 
the latter, but consisted chiefly of dextrose. 

SUGAR MANUFACTURE. 

8x8 From crude beginnings, the manufacture of sugar has 
attained gigantic proportions and a marvellous degree of com- 
pleteness, due to a fertile union of both chemical and engineering 
science. 

1 Berthelot and Buignet, Cmnpt. Rend, li. 1094. 

^ Jackson, ih, xlvi. 55 ; Leplay, ih, xlvi. 444. 

* leery. Ami, Chim. Phys, [4], v. 350. 

* Stammer, Jahresb, 1849, 404. ® Ber&eh^Jahreaib, xxiv. 454. 

* rhann, Jmm, Tram, [3], ix. 225. ^ Roders, Jahresb, 1863, 574. 
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The simplest process for obtaining sugar is that from the 
sugar-cane, which still yields the largest quantity of this invalu- 
able article. The juice of the cane contains about 24* per cent, 
of sugar, about 1*7 per cent, of inorganic salts, and about 0*2 
per cent, of organic acids, albuminous matter, &c. Only about 
half this amount is, however, obtained in practice in the form 
of crystallizable sugar. 

The various causes which bring about a considerable loss 
are mainly the following : In the first place, the hard silicious 
stemt)f the cane renders the complete extraction of the juice 
in the rolling-mill impossible where the cane is crushed by 
passing between horizontal rollers. These are now coiniirfonly 
heated by steam for the purpose of assisting the outflow of 
juice, and also because the mcgjisse, as cane after crushing 
is termed, holds back less juice when crushed hot than when 
crushed cold. Secondly, the juice is liable to undergo dele- 
terious fermentive change at the temperature of the hot 
countries where it is made, and in order to avoid loss from 
this cause, it becomes necessary to work as quickly as possible, 
and this is done by running the juice directly from the mill 
through a double metallic sieve (for the juirpose of removing 
most of the suspended matter) into a copper cauldron of 
4,000 gallons capacity, called the clarifier. This is heated 
by a fire placed beneath, and as soon as the juice has reached 
the temperature of ISO*’ Fahr., cream of lime is added in the 
proportion of about 4 oz. of quicklime to the gallon of juice, 
which is enough to cause the formation of a thick scum as soon 
as the juice boils. This not only takes out of solution the 
albuminoid and other bodies, the presence of wliich is liable to 
cause fermentation, but it also neutralizes the malic and other 
acids contained in the juice, which if allowed to remain would 
prevent a portion of the sugar from crystallizing. The clarified 
juice is then run into a second pan placed alongside the first, 
and here another scum is formed, which is ladled back into 
pan No. 1. From the second pan the juice is passed into 
smaller pans, and in the last one it is still further evapo- 
rated until the point of crystallization is reached. This is 
judged of by the finger-test, that is, a drop of the syrup is 
placed between finger and thumb, when it must be capable of 
being drawn out in a stringy mass. This thread of sugar is the 
longer the more concentrated is the syrup, and when it has a 
length of 3 cm. the liquor has been sufficiently boiled. The last 

K K* 2 
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scum, ^vJlicll cuiitaius a cousidcriible quantity of sugar, and the 
ash left after burning tlie megasse, are employed as manure. 
In former times, deep cast-iron pans were employed, now flat 
copper pans are used, and these arc ra?iged one above the 
otlier so that tlic juice runs from tlie first to the last pan by 
gravitation instead of being ladled out. 

1'he ex])erience gained in the preparation of sugar from beet- 
root and the improvamients which have been made in these 
IKocesses have dom* much to improve the cane-sugar iiianufac- 
ture. In the first ])lace, (‘vaporation over an open lire, by which 
great risk is run of burning tin? sugar, has been modified by the 
introduction of heating by steam. This is etVected by a coil of 
])i|)es jdaced in a pan, through which high-pressure steam is 
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passed. But in this arrangement a deposit of lime-salts is apt 
to form on the steam -jii pc ‘s, and, in conse([uencc, an evaporator, 
known as Wetzel’s pan, is now much used. The construction 
of this is sliown in Fig. 122. The steam passes through a 
system of pipes moving on a horizontal axis, and the sugar 
juice, placed in the lower pan, is carried in a thin film over the 
heated surface. 

819 Another process for evaporating the raw juice, also largely 
used in the colonies, is carried out by help of an arrangement 
known as the concretor of Mr. Alfred Fryer, an elevation of 
which is shown in Fig. J23 and a plan in Fig. 124. In this, the 
clarified juice is veiy (piickly evaporated but not burnt. The 
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the other, so that each tray forms a coutimioiis nairow serpentine 
cliannel, in traversing which tlie jnice passes six times from side 
to side of the tray. In the large sizt.'s there are ten of tliese 
trays placed laid to end, so ai‘ranged that th(i jiii(*e can flow 
freely from one end to tlie otlier of the series, or on a h'ligth of 
forty-eight f(‘et, the juice trav’^ersing, tlu‘refore, about six times tliis 
length in the space of live minutes. The flame from the furnace 
(n) passes under tluj whole length of the trays, and by this 
process the juice is concentratiKl to a dcuisity of from 30 " to 40’, 
Ijaintie. After leaving the trays the juice ])asses into the revolvi ng 
cylinder (k), in which a very large surface is exposi'd to tin* 
action of a current of h(>at(‘d air drawn through the cylinder by 
means of a fan, the air being heated by passing tlirongh tubes 
placed ill tlie economizer ((*). In this cylinder the troucentration 
is continued until the material has attained such a consistency 
that it drops down in large flakes instead of flowing in a 
continuous stream. 

This being attaiiu'd, the evaporated mass is discharged into 
casks, and on cooling beconu*s solid, incajiable of ‘ undiTgoing 
further change, and ready for sbi|)ment to the refiner. Tlie. 
whole op(-‘rafion lasts about half an hour, and the [iroeess is a 
continuous one. No molasses are made, and the av(‘ragc yield 
of conende is about 2 lbs. to tJuj gallon of juice standing at 
l(J"-5 Baume (Fryer). 

Other improved methoils of evaporating tlu^ sugar-juiccj will 
be described under the head of Beet-Sugar. 

The syrup obtained by one or other of these processes, after 
being brought to the crystallizing point, is thrown into Avooden 
tanks, the bottoms of which are pierced Avitb holes sto])p(*d with 
pieces of sugar-cane. If, after standing for twenty-four hoiirs^ 
the mass lias become granular, it is stirred and the non-crystal- 
line syrup or 'niohuscH allowcnl to run off, an operation wbieh 
takes some time owing to the viscid character of the liijuor. 
The raw-, broAvn-, or Muscovado-sugar thus obtained lias a 
pleasant smell and tasti?, and is often used without any further 
purification, but the larg(*st fpiantity undergoes the operation 
of refilling; the details of this operation will be given in tlie 
sequel. 

820 Molasses wxii formed in varying (piantities, according to tluj 
climate, the species of sugar-cane Avorked, and the care displayed 
in the operations. , They con.sist of a mixture of caiie-.sugar, 
iincrystallizable sugar, caramel, gum, and salts. Molasses 
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are used as an article of food, but .ohiefly employed in the 
manufacture of rum. 

821 Beet-root Sugar Manufacture. The observation first made 
by Marggraf that beet-roots contain sugar remained without fruit 
until his pupil, F. K. Achard, corroborating the fact, established 
in 1769 the first beet-root sugar works in Germany, and this 
was soon followed by others. This trade received a great 
impetus owing to Napoleon’s decree in 1806 forbidding the 
import of foreign sugar, which sent up the price of cane-sugar 
to a very high point, but after the overthrow of the Empire 
most of the beet-root sugar-works were obliged to close. The 
expel ience, however, gained in the few works which were able 
to hold out, gave rise to such improvements in the processes as 
to render a subsequent revival of the trade possible. These 
improvements consisted, first, in better plans for evaporating the 
juice ; secondly, in a method for revivifying the animal charcoal 
which after a time loses its decolourizing power ; and thirdly, 
in the progress made by agricultural chemistry pointing out the 
methods by which a root rich in sugar and poor in salts can be 
grown. The beet-root sugar industry has attained gigantic 
dimensions in France, Germany, Austria, and Russia. It is 
also largely and very successfully worked in Belgium, whilst other 
countries, such as Holland, Sweden, and Italy, also produce 
beet-root sugar. In England and her colonies this manufacture 
is not carried on. 

In order to obtain the juice of the beet, the roots, cleansed 
and washed, are rasped by machinery and the liquor extracted 
by hydraulic presses and the solid mass dried by centrifugal 
machines. According to the old maceration 'process of SchUt- 
zenbach the roots were sliced, then dried, and then lixiviated 
with water at 80° C. This method possesses the advantage of 
being capable of continuous working throughout the year, but 
the extraction takes place slowly, and the high temperature 
needed is apt to bring into solution substances which act 
prejudicially on the yield of sugar. Hence the same manu- 
facturer afterwards introduced another method by which the 
roots were systematically lixiviated in a series of tanks in a 
similar way to that now employed in the extraction of soda 
in the black-ash process (see Vol. II. Part I. p. 148). This 
process gave place to another suggested by Dubrunfaut under 
the name of the diffusion process, and introduced on the large 
scale by Robert. The freshly-sliced roots are systematically 
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lixiviated as just described, and the liquors dialysed, when the 
sugar solution pAsses, together with the other crystalloids, 
through the cell-walls, whilst the colloidal bodies, such as 
albumen, gum, &c., remain behind, so that in this way a much 
purer juice is obtained than by the older processes. 

In order to purify the beet-root juice it is first heated to about 
85® C., at which temperature the albumen coagulates, and then 
about 0*5 to 1 per cent, of lime is added in the form of milk. 
The liquid is next filtered off from the scum by means of a 
press; and carbon dioxide passed into the liquor in order to de- 
compose the saccharate of lime which is formed. These pro- 
cesses, which are termed defccaiion and saturation, are •often 
carried out in one operation. The defecated juice is then 
mixed with a larger quantity of lime, usually amounting to 
5 per cent., and again treated with carbon dioxide, and thus 
the purification completed. Formerly the addition of so much 
lime was not made, as it proved impossible to extract the sugar 
from the large quantity of scum which forms, but this has now 
been accomplished by the use of improved forms of filter-presses. 
The above method is chiefly used for the purification of juice 
obtained by diffusion. After saturation the juice is filtereil 
through a mass of animal charcoal placed in high cylinders, 
by which not onl}' is the colour removed but with it many 
impurities. After a time this “char” loses its decolourizing 
power and it is necessary to revivify it by first washing it with 
water containing a little hydrochloric acid when fermentation 
takes place. As soon as this is over tlie char is washed with 
water, dried, and ignited in closed cylinders. 

The filtered and colourless juice is now concentrated by 
evaporation, an operation which is now universally carried 
on in voLCUuin-pans under a diminished pressure. Fig. 125 
shows the section* of a vacuum-pan such as is used for boiling 
down the juices both of beet- and cane-sugar, fresh juice being 
added from time to time until the mass begins to “ show grain.” 
This crystallization is allowed to continue for a certain time, 
then air is admitted, and the charge run out into a tank for 
cooling, when further crystallization occurs. By placing three 
of these vacuum-pans in series, the steam arising from the 
first evaporation in pan No. 1 passes through a “save-all” 
(Fig. 125, h) to catch any juice which primes, into the steam- 
drum of pan No. 2 ; and the same operation is repeated 
with the steam from the juice in pan No. 3. This leads to 
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(M)nsi(lorablc economy of fuel as compared with the steam 
evaporating pans used under tlie ordinary atniosplicric pu'cssuro. 

822 Siffjar liejintii fj. Tlic first process of the sugar refiner, tech- 
nieally termed “ melting,*’ consists in dissolving the raw sugar in 
hot water, or by means of a jet of steam, and, when necessary, 
preci]jilating the impurities either by addition of lime, animal 
charcoal, or albuminous substances. The clarified liquor is then 
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filtered through l)ag-fil I ers, and next flows on to the animal char- 
coal filters to be decolourized, wlience it passes to the vacuum-pans 
for boiling down.’ The vacMium-paii of the refiner is a complicated 

‘ This dccoloiirizinjc action of cliarcoal Jippears not to be fine to oxida- 

tion from absorbed oxygen, as a sample of cliar ignited in vacuum witJi a 
sprengel, and thenTore Vreed from absorbed oxygen, acted •.is well as the ordinary 
char. 
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and expensive piece of apparatus, often attaining very larg(j 
dimensions. Fig. 126 gives a section of a vacumn-pau made 
by Messrs. Heckniaim of Berlin and exhibited in the Vienna 
Exhibition of 1JS73, and is capable of boiling down at one 


F 



Fig. 127. 


time twenty tons of juice. Another form of vacuum apparatus, 
shown in elevation in Fig. 127, is built by Messrs. Adam, of 
Greenock, and is drawn to a scale of -V. At each operation it 
boils twenty-seven tons of juice, and it is fropi 4 to 4 5 metres 
in diameter. 
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Tlie operation of boiling to grain being completed, the 
granular mass of crystals and syrup 2 )asscs from the vacuum- 
])an into lieaters in wliich tlie temperature of the mass is raised 
to ISO” — IDO"* Fall, tliat in the pan luiving been about loO*’ Fall. 
The mass is then filled into conical moulds and allowed to cool. 
After a lapse of about twenty hours a fine opening is made 
at the ajicx of the com?, and the syruj) allowed to Row out. 
The sugar is then known as loaf-sugar. If crystals are needed^ 
the mass is lilted into the sieve of a centrifugal machine, by 
which mi^ins the syrup is removed. 

823 of CrijdaUkahlG Sitfjar from MoIuhscs. It has 

been already stated that a quantity ecjual to oiui half th 6 total 
obtained sugar leimiiiis in the molasses, from which it cannot 
be removed by sinqile evajjoration or crystallization, and the 
same is true of tlie beet-root liquors. One of the most im- 
portant ])robl(ans for the sugar-boiler is to obtain this sugar in 
a crystallizable condition, and a large number of jwocesses have 
been iirojiosed for effecting this. Of these, the one of most 
importance depends on the formation of basic strontium 
sucrate, which lieing insoluble in syrup can be easily sejiarated 
from the non-crystalline sugar syrup, and whi(;h, when afterwards 
decomposed by carbonic acid, yields a crystalline sugar. More- 
over, if the iiisulublo sucrate pre 2 )ared in hot solutions be 
allowed to cool, the basic compound decomposes with jirecijiita- 
tion of strontium hydroxide, the solution consisting of a sugar 
syruj) saturated witli this liydroxide. By this means nearly the 
wliole of the crystallizable .sugar contained in the molasses can be 
regained, and the i)rocess bids fair to become generally adujjted 
provided a sufficient (juantity of native strontianite (SrCO.,) can* 
be obtained. A second plan also largely employed, esjiecially for 
beet synijis, is known as the alum jjroccss. These syrujis contain 
a large jDrojjortion of ])otas]i salts — according to Dr. Wallace, 
KCl 187, 418, K. 3 C(\, or 5:k8 jier cent, of the total dry 

salts — which retard the crystallization considerably. To tlicse 
syrujis a quantity of sulphate of alumina is added sufiicieiit to 
form an alum with the wliole of the j)otash. Alum is insoluble 
ill the syruj), and is deposited from this solution in fine crystals 
known as alum meal, and this is then separated from tlie syruj) 
which is afterwards worked 11 j) for crystallizable sugar. 

The cmjjloymciit of the vinassc for the prej)aratiou of jiotash- 
salts, methyl-compounds and ammonia, has already been noticed 
(Vol. III. Part I. page IRG). 
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Sorghum Sufjnr. 'I'ho inanufactiiirc of sii^^ar from this 
source appciared to f)ff(;r a lar^o measure of success, inasmuch 
as this cane tlirives in climates too hot for hcot-root culture, but 
too cold for tliat of tlio sugar-cane i)ro])er. Owing, however, 
to the fiict that this plant yields a larger proportion of invert- 
sugar than ordinary cane-juice, and likewise contains gum, 
albumen, and salts in larger (juantity, a great extension of 
this manufacture has not taken place. Kecently, liowever, 
Stewart has proposed a plan by which crystallizable sugar cari 
be economically prepared from Sorghum cane, and in the sftiith 
of Russia this plant is said to yudd from 14 2 to Kro per centJ 
The Extraction of Sugar from on the small scale is 

best effected as follows : the plant is dried, sliced, and repeatedly 
extracted with seventy per cent, alcohol. On cooling, the 
ffltere*! alcoholic solution deposits crystals of sugar, ainl a 
further crop is obtained on evaporation (Ararggiaf). Another 
])lan is to pr(>i)ar(; sucrate of linu;, or of strontia, from the juices, 
and to decomi)ose these compounds by carbon dioxide 


Sugar ANAi.vsrs. 

824 At the commencement of the beet-root sugar manu- 
facture, the ([liantity of sugar was estimated by extraction 
with alcohol by the method already given. Afterwards, this 
process was superseded by that of allowing tlu^ juice to ferment 
on addition of yeast, the quantity of alcohol and of carbonic 
acid generated being determined. Another plan was to take 
the specific gravity of the juice before and after the fermenta- 
tion, the alcohol bcung removed by ebullition, and the volume 
made u]) to the original one by the aildition of water. 

These an<l other methods have now been replaced by that 
of optical a/udgsis. This depends upon the special power v/hich 
solutions of saccharoses and glucoses possess, of deviating the 
plane of a ray of polarized light, and upon the law discovered by 
.Biot, that the amount of this deviation to the right or to the 
left is directly proportional to the weight of sugar contained 
in the unit volume of liquid, and to the length of column through 
which the ray passes. This has, however, been found not to be 
perfectly true, as Hesse- and Tollens* liave shown that the 
same ipiantity of sugar possesses a somewhat greater rotatory 

^ Nature, vol. xxviii. 37S. - Amu Chrm_ Pharni, elxxvi. 89, 189. 

* Bcr, Dcutseh. Chem. Gcs'. xi. 1800. 
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power in dilute than in concentrated solution. Still tins orrer 
docs not materially allect the practical cstiTuatiun. 

ATany »lifforent kinds of polariscopes have been, and arc now 
employed in the ojitical analysis of sugars. One of the simphist 
forms of saccharinieter, suggested by Aritsclierlich and Soleil, 
is shown in Figs. 128 and 120 respectively. The two Nichol’s 
prisms are placed at (‘ach end (// aial h) of the apparatus, 
and the liquid to ho examiin‘d is brought into the tuhi; 
(P"ig. 1**30), and this then placcMl betwcHMi the Nichols in 
the direction denoted by the doited line (Fig. 1-0). If, 
helore the tube is ])laeed in position, the Nichors ]>risins are 



Tjo. 128. 


so turned that no light passes through, it will be observed 
tliat light is seen to pass through the prisms after the tube» 
is placed in position, and the Niehol (a) will have to be turned 
round through a certain angle in or<ler to prevent any light 
passing. The magnitude of this angle is njad olf on the 
divided circle (Fig. 128). The deviation is in this case ])ropor- 
tional to the volumo-jiercentago of sugjir, as the length of colunni 
remains constant. Thus supposi ng that a sugar sol ut i< »u containing 
15 grins, of pure cane-sugar, in 100 cbc. be found to effect ,a 

* For a (lestriptioii of tliis plienomeiia of i»oluri;:ation, works on Fliysics iiiurjt 
be cousullcd. ■ ■* 
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deviation of + 20°, then 10‘5 grin, dissolved in 100 ebc. will bo 
found to give a deviation of -f for 20 : 15: : 14? : 10*5. If 
fifteen grins, of any sugar-containing substance be dissolved in 
100 ebc. of water, and if the angular rotation of this solution be 
multiplied by live, the percentage by weight of sugar is obtaimjd : 
thus a solution of fifteen gnus, of raw sugar gave a rotation of 
10°, or the sample contains 10x5 = 95 per cent, of cane-sugar. 





Fig, 12U. 


The accuracy of this method depends of course on the 
degree of exactitude Avitli which the point of greatest dark- 
ness can be estimated. In practice this has been found to 
1)0 a dilliculty, and to obviate it, Soleil lias made the following 
addition to the polariscope. In front of the prism (5) Fig. 131 
is placed a plate of rock-crystal, 3*75 or 7*5 nun. in thickness, 
and cut at right angles to the axis. TJiis. consists of two lialves 



(Fig. 132), one of which (^), turns the plane to the right, and 
the otlier (cl), possesses the opposite or laovo-rotatory power. Now 
Avlien the prism (a) is rotated, each half of the quartz platg will 
attain different tints, and the same effect 'will bc‘ obsorvtid if. 
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instead of rotating the prism, the tube containing a solution 
of sugar be placed between the prisms. In order to bring about 
an identity of tint in the halves of the <piartz plate, the prism 
{a) must be turned through a given angle. The same object is 



Fio. l.Jl. 


attained with greater precision than is possible by turning the 
prism, by an aiTaiigcment also made by Soleil, and termed 
the compensator. It consists in the first place of a plate of 
(juartz (the thickness and kind of polarization of which is 


T 



!• 

Fio. 102. 


immaterial), placed at n (Fig. 131), and secondly of two equal 
right-angled quartz prisms (Fig. 133), ciit so that tlie surfaces 
/ / arc perpendicular to the axis of the crystal. Tliese prisms 
can slide one over the other, so tliat any desired thickness of 


f* 



Ff«. 13S. 


quartz can be brought in the line of vision. A scale and vernier 
attached to these quartz prisms are so arranged that when the 
vernier points to 0°, the tliickness of the two prisms is e([ual to 
the thickness of the plate n, so that, possessing opposite rotatory 
VOL. III. L L* 
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powers, the optical action of ' the one is counterbalanced by that 
of the other. If, when thus arranged, a source of light be 
allowed to pass through the apparatus into the eye, the two 
halves {g d), of the quartz plate will ajjpear of a violet colour, 
(neutral point, transition tint, teinte de passage). 

The insertion of a column of sugar solution, of course disturbs 
this equality of tint, and the observer has then to alter the 
position of one or other of the (piartz j^risins (by means of a 



Kio, 134. 

rack and pinion motion), until this neutral tint is again 
reached. 

825 Many other forms of saccharimeters arc employed; of 
those in general use may be mentioned, (1) the Laurent p^nmibre, 
or half-shadow instrument (Fig. IS-i), (2) tlie Soleil-Ventzke 
saccharimeter, ( 8 ) Wild's polaristrobometcr (Fig. 180), and (4) 
the form of apparatus now generally adopted botli in Englaml 
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arul Gernifiuy, inanufiictured by Massrs. Schmidt and llaonsch 
of Berlin (Fig. 135). 

For the exact description of these different instruments wo 
must refer the reader to Landolt’s Haudboolc of the rularbscope 
(Macmillan & Co., 1882). Suffice it here to say that the instru- 
ment made by Schmidt and Haensch, claims to combine the 
advantaffos of the Soleil-Seheiblor with those of the Laurent 
apparatus. In common with the former it admits of the use of 
white light, and thus does away with the trouble of the sodium 
flange, and is moro suitabhi for dark solutions. Yet, like the 
Laurent, Jellett, Cormi, and otluu* instruments, it is a hdlf- 
shadow instrument, and the two fields differ oidy in intensity lA 
light and not in colour (Jellett), so that the perst)nal error is 
h'ss than when the transition tint has to be reached. 



Vio. m. 


The one disadvantage attending the use of this iiistrument, 
viz. that the chromatic dispersion due to the rotatory powif?r of 
sugar solutions and quartz arc not absolutely idontic^al, and 
that therefore the field is not perfectly colourless for large 
rotations, has been remedied by an arrangement of a so-called 
regulator recently adapted to their instruments by Messrs. 
jSchiiiidt and Haensch.^ Although the instrument last described 
is that to be most strongly recommended fijr practical sugar- 
work, there is no doubt ^hat for more strictly scientific purposes 
the Laurent instrument with sodium flame, is for many reasons 
the most accurate.* 

* See Lindolt, Polar p. IS.'), and also drn Vnelns fur die 

Riihrnzuekfir Indurdrir, Sept. 1881, and Jan. and I)i.c. 1880. 

2 Gairujee, Phys. U'hem. pp. 9 and 10. 
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826 The following is a short description of the method adopted 
in the optical analysis of a cane-sugar contained in a solution of 
beet-root sugar, which it may be assumed does not contain any 
appreciable (]\iaiitity of glucose, the instrument used being a 
Soleil-Vcntzke, 1 ° on the scale corresponding to 0 ‘ 2 G 048 grms. of 
sugar in 100 cbc. of water. 



Fig. 136. 


The modus o})crandi is as follows : 

2 G ’048 grms. (in case of a Ventzke instrument), of the sample 
which has been thoroughly mixed in a mortar, are weighed out 
into a German-silvtT dish of a convenient size and shape. 
From this the sugar is waslicd with as little water as possible 
into a 100 cbc. flask, exactly graduated. * » 
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As soon as the sugar is all dissolved, a few cbc. of a solution of 
basic acetate of lead (the amount varies with the nature of 
the sugar) are added, and about 2 cbc. of well washed Al 2 ( 01 i)^j 
in water ; the former solution precipitates a groat part of the 
colouring matter present, and the alumina prevents any of the 
very finely divided lead precipitate from passing through the 
filter, and thus a clear and bright filtrate is obtaineth 

The volume ocenpit'd by the lea<l precipitate and of the 
alumina has been i>roved to be insidficient in most cases to 
aibict the true polarisco])e reading. 

The use of animal idiarcoat for preparing a sugar solution for 
the polariscope is now quite given up, owing to the fact tliat it 
absorbs some of the sugar from solution, aiid hence too low a 
n‘ading is obtained. 

The clear filtrate is now poured into a glass tube of exactly 
two decimetres in length, an<I the two ends closed by plane glass 
covers held on l)y brass heads, care being taken not to screw on 
the heads so tightly as to exert more than a verygtmtle pressure 
upontlie cover-glasses, otherwise the error introduced by rotation 
due to strains of the glass may be considerable, amounting in 
some cases to as much as 0*5 — 07 degree on the Ventzko scale. 
The actual reading of tluj result on the instrunnuit is a matbu* 
which only re<piires exi)erience and care. With a good hfilf- 
shadow instrument, such as those made by Schmidt and Hacnsch 
of llerlin, and an ordinary beet solution, a practised (;ye should 
be able to read with certainty to within 01 per cent. It is usual 
to take several readings, which should not differ by more than 0 2, 
the mean being taken as correct. It is also well each time, 
before using the instrument, toclic*ck the zero ])ointof the scale. 
This is imt so important however, with the ha I f-shad(iw' instru- 
ments in which a monochromatic flame is used, for in this case 
the zero point can oidy be affected by some slight displacement 
of some essential portion of the instrument, whereas in the case 
of the older colour instruments, and of those instruments using 
a white light, a mere change in the gas-pressure was sufficient 
to upset the zero. 

The percentage of cane-sugar thus found by direct reading, 
is taken for trade purposes to be the true representation of the 
amount of cane-sugar present, and all transactions in the English 
and Scotch markets arc based on this assumption. Doubtle.s8 in 
many cases the results are sufficiently correct, but that they 
cannot be so iri"all cases will be seen from the following list of 
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other active substances than sugar that are found in beet-roots, 
and many of which find their way into the raw sugars ; — 

Malic Acid .... Laevo-rotatory. 

Asparagin and Aspartic Acid. Both + in acid and — in alkaline 

solution. 

Glutamic Acid . . . +. 

Invert sugar 
Beet-gum 

Dextrin . . . . + very strongly. 

827 ISstirtiation of Soluble Ash, The compounds of alkali and 
bther metals, which occur in the sugar with various organic and 
inorganic acids, are known as soluble ash. The importance of 
ascertaining the total quantity of these constituents is indicated by 
the fact that they influence to a great degree the amount of crystal- 
izable sugar which can be obtained, inasmuch as they prevent 
the crystallization of a considerable quantity of the cane-sugar. 
In practice it is found that 1 per cent, of soluble ash prevents 5 per 
cent, of sugar from crystallizing. For this determination, about 
2 grms. of sugar is placed in a tarred platinum dish, and moistened 
with pure concentrated sulphuric acid, then charred carefully, 
and ignitbd in a platinum mufile until the whole of the organic 
matter is destroyed. It is the custom in the trade to deduct 
xV of the weight of ash as roughly representing the increase in 
weight due to the replacement of the various acids by sulphuric, 
and the difference multiplied by five is deducted from the 
percentage of sugar obtained by the saccharimeter. 

These determinations are the only ones needed in the case 
of high class beet-root sugars. In certain cases, however, of low- 
class samples, the amount of insoluble ash (silica, &c.), is 
determined, and this deducted from the weight of soluble ash. 
The quantity of water in beet-sugar is also sometimes determined 
as a check, but it does not enter into the calculation of the net 
value. The following example shows the result of an analysis 
of beet-sugar : 

Cane-sugar (found by polariscope) = 95’40 p.c. 

Sulphated ash = 0*0230 less ^ 4 - 0*0207 grms. = 1*03^ p.c. 
from 2 grms. sugar 

Percentage of net available sugar, 95*4 — (1*0(3 x 6 ) == 90*25. 

Such a sugar would probably contain about three per cent, 
bf moisture, and 0*5 per cent, of organic matternot sugar. 
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828 Amalyns of Cane-SugatB, Jaggery, &e. Estimation of 
Cane-Sugar and Cljicose. In this case the amount of glucose or 
invert-sugar present has to be estimated as well as that of the 
cane-sugar. For this purpose the cane-sugar is estimated 
optically, as already described. The invert-sugar is estimated 
by Fehling's method. This depends on the fact that an alka- 
line cupric solution is reduced by glucose, the point at which 
decolorization of the standard solution occurs being ascertained. 
In some cases the weight of reduced cuprous oxide is ascer- 
tained, but in general the simpler volumetric process is adopted. 

The following is one of the best receipts for preparing 
Fehling's solution : 

(a) Dissolve 34’639 grms. of crystallized copper sulphate, 
powdered and dried between filter-paper, in 200 cbc. of hot water. 

(5) Dissolve in another vessel 173 grms. of pure crystallized 
Rochelle salt in 480 cbc. of pure solution of sodium hydrate 
of sp. gr. 1*14. 

Add the first solution to the second, and dilute the clear deep 
blue liquid to 1,000 cbc. and pour into a stoppered bottle of 
dark blue glass. In such a bottle the solution will keep for a 
considerable time without decomposing, even though it has not 
been boiled, as some authors recommend. 

The solution is standardized by means of a weak solution of 
invert-sugar, 2*375 grms. dry powdered cane-sugar are dissolved 
in a little water and heated for a few minutes to 60*" C. with 
a few drops of concentrated sulphuric acid. The solution is 
then cooled, neutralized with sodium carbonate, and made up to 
500 cbc. Each 10 cbc. of this solution contains 0*05 grm. of 
invert-sugar, and should be capable of exactly reducing 10 cbc. 
of the copper solution. 

It is usu^ to take 10 cbc. of the Fehling solution in a small flask, 
or large test-tube, dilute with 20 cbc. of water, boil and titrate 
i^th the sugar solution, boiling again after each addition of the 
reducing agent. The end of the reaction is indicated by a 
transition of the colour of the solution from a pale blue to a 
brown colour. The point may also be confirmed by filtering 
off a few drops and testing with an acetia acid solution of 
potassium ferrocyanide. 

In the analysis of raw sugars containing glucose the following 
method is adopted : Of the solution of 26*048 grms. of the sugar 
in 100 cbc., which has been used for polarizing, 25 cbc. are taken, 
a slight excess of sulphurous acid is added to remove the lead, 
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and a little precipitated alumina; the whole is then made up to 50 
or 100 cbc. according to the nature of the sugar (it being always 
desirable to have a solution of such a strength tliat 10 cbc. contains 
somewhat about 0*05 grin, glucose). Tin', solution is fdtered 
and 10 cbc. of Fehling titrated by it. From tl)o number of cbc. 
used the amount of glucose present can easily be calculated. 
It is ill this case supposed that 1 ])er cent, of soluble ash entails 
a loss of 5 ]>er cent, of sugar. But tlie glucose present also 
acts in a similar way, 1 per cent, of this substance being con- 
sidered to prevent 1 per cent, of cane-sugar from crystallizing. 
We thus have the net value of such a cane -jaggery estimated 
as follows : 

Oaiie-sugar by direct reading of polariscopc = 7G‘80 
Glucose by Fehling*s test ... ... ... l)‘0*l 

Sol. asli = 2 27 p.c. x 5 -f U Go + 9 04 20-39 

Net = 70 8 — 20*39 = 50*41 p.c. crystallizable sugar. 

The i)rosen(r(i of uncrystal lizable sugars does not interfere 
with the r(‘sults of o])tical analysis, as they are o|)tically in- 
active.' On tlni other hand the organic acids and other bodies 
wliidi occur in the juice are some of them dextro- and others 
laevo-rotatory. In addition, beet-root molasses contains 
20^11 jyOjj ■+■ 5Hj^O, a tasteless crystall ine body wliieh possi^sses a 
morii powc*rful dextro-rotatory power than cane-sugar.‘^ Practi- 
cally it apj)ears that tlie error due to tlie rotatory j)ower of 
these substances has been found to lie as olteii in one direction 
as the other, and in few cases it exceeds 1 to 2 per c(mt. For 
the purpose of checking this reading, tlie inversion method 
suggested by ( Uergot is the best.^ 

Aihilta^alious, The above methods arc sufficient to determine 
the value of unadulterated beet- or raw cane-sugar, but if, as has 
happened in some cases, the sugar be purposely mixed with cheap 
commercial glucose or maltose, a further examination is neces- 
sary. For this purpose ail vantage is taken of the fact that 
freshly prejiared solutions of di*xtro-glucose, the principal con- 
stituent of commercial glucose, when allowed to stand for some 
hours, or when gently warmed, lose their rotatory power. Thus 
a sugar adulterated with 10 per cent, of a solid commercial 
glucose (and it would not be worth while to add less), will show 

^ Cirarde and Tiaborde, Comptrs Hendiis^ Ixxxii. 2M. 417. 

® Loiss(?au, Bull. Soc, Chim. xxvi. St35. 

^ Liiudolt, Polff/'iscopf', 187, &c. * 
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a difference ot“ Iroiu 11 ° to 4 ' on the Ventzke scale hetwetav t he tirst- 
and second niiuliiigs, the usual proportion of 20*048 gnus, in 
100 cbc. being taken. 

For other methods of testing for and determining tlie amount 
of this adulteration \vc may refer to Tiu’km* s Munaal of {^U(]av 
Anedyds, p. 287. 



Fig. 137 . 


829 Paycn-Scheihlcrs Method, A totally <lifferent method of 
estimating the quantity of crystallizable sugar in raw cane- 
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sligar is that proposed by Payen and modified by Scheibler. 
This process depends upon the fact that if raw sugars be 
treated with an alcoholic saturated solution of cane-sugar acidified 
with acetic acid, the colouring matter and other impurities, 
together with the syrup and other uncrystallizable constituents, 
are removed, whilst the crystalline sugar remains unchanged. 
The sugar adhering from the alcoholic liquid is then washed out 
by pure alcohol. Fig. 137 shows the arrangement used in this 
method. The bottles 1, 2, 3, and 4, contain the alcoholic sugar- 
wash solutions which, in Nos. 1 and 2, consist of alcdiolic 
acidified and saturated solutions of sugar, whilst No. 3 contains 
pure alcohol of 85 per cent., and No. 4 absolute alcohol. The 
sugars to be examined are placed in the vertical tubes, washed, 
and afterwards dried in a filter pump.^ 

830 Properties of Cant 8v,gar, Pure cane-sugar crystallizes from 
aqueous solution in hard transparent monoclinic prisms which 
grate between the teeth, and when broken emit a bluish light. 
Its specific gravity at 3'’ 9 is 1*593, and its coefficient of cubic 
expansion from 0*^ — 100® is 0*01116.^ 100 parts of the saturated 
aqueous solution contain at 

0* 10* 20® 80" 40" 60" 

65 0 05*6 67*0 69*8 75*8 82*7 parts of cane-sugar. 

From this point the solubility increases rapidly, so that in 
boiling water it dissolves in all proportions. 

It is practically insoluble in absolute alcohol, whilst in dilute 
spirit it dissolves the more rapidly according to the quantity of 
water present, but not into direct proportion to the quantity of 
the latter, as a weak alcoholic solution contains more sugar than 
would be dissolved by the quantity of water present, whilst a liquid 
rich in alcohol dissolves a less quantity of sugar than is propor- 
tional to the amount of water which it contains. If, therefore, 
to a solution of cane-sugar saturated at 14® an equal volume 
of alcohol be added, the liquid remains clear, but if more alcohol 
be added, sugar separates out. Scheibler, who has investigated 
this subject, has constructed tables showing the solubility of 
sugar in alcohol of different strengths, a subject of importance 
to manufacturers of liqueurs.^ 

^ For further informatiQii, seeKichol, Frtscnius ZeUaehr, xijr. 180 ; Stammer, 
'Lehrhueh der ZuckcrfdbriJcatum ; R. Fnihling and J. Schulz, Untersue/iungen v, 
Zueker and Bohstoffe, dtc. (Viewcg, 1881) ; Lippmann, DU Zuckerarkn; Walkoff, 
Prakt, jRUben Ziickeifabrikation, Ap. 

* Joule and Playfair, Cheni, Soe. Joum. I., 130. • • 

* Der, DetUsch, Ohm, Oea, v. 848. 
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Cane-sugar melts at IGO"* — 161^ and on cooling does not again 
crystallize.^ If kept for some time at a temperature somewhat 
above its melting-point, it becomes transformed without loss of 
weight into a mixture of equal molecules of grape sugar, 
and laevulosan, (p. 547).* If, however, sugar 

be melted in presence of a small quantity of water, as is done 
in the manufacture of bonbons and barley-sugar (in the pre- 
paration of which latter barley-water was formerly used), a 
glassy mass is obtained on cooling, which contains mechanically 
inclosed water. This dissolves a small quantity of the sugar, 
and deposits it again in the crystalline condition, as a body is more 
soluble in water in the amorphous state than when crystalline 
— and this goes on until the whole mass becomes crystaHine. 
If the mass be broken the water can be distinctly recognized 
between the crystals.* 

When sugar is heated above its melting point it swells 
up, owing to escape of water, and afterwards turns brown, 
caramel being formed. This latter is a mixture of several 
bodies, of which what little is known is due to the re- 
searches of G41is.* At temperatures below 190° caramclan, 
^ 12 ^ 18 ^ 0 ’% principally formed; this is an amorphous, brittle, 
very deliquescent mass, having a bitter taste, and being colour- 
less when pure, and incapable of being reconverted into sugar. 
At a higher temperature (about 210° — 220*) dark-coloured 
substances are produced in larger or smaller quantity, some of 
which are soluble and others insoluble in water or alcohol. 
Caramel is also formed on heating starch-sugar ; and prepared in 
this way it is used, under the name of “ colouring,” for tinting 
artificial cognac, rum, &c. 

When sugar is more strongly heated certain peculiar aromatic- 
smelling products are given off, and a residue of porous glisten- 
ing charcoal remains behind, known as sugar-charcoal. Amongst 
the j)roduct8 which are formed in the dry distillation of cane- 
sugar, aldehyde, acetic acid, &c., have been found, together with 
carbon dioxide, carbon monoxide, and some marsh gas.* If 
sugar be distilled with quick-lime, acetic acid, acetone metace- 
tone, and phorone, (Vol. III. part I.p. 572) arc 

1 Berzelius, Pagg. Ann. xlvii. 321. 

^ Gelis, Compt, Bend, xlviii. 1062. 

* Mitscherlich, Pogg. Ann. Iv. 223. 

^ Ann. Chim. Phys. [3], Hi. 260 ; Ixv. 406. 

3 YOlckel, Ann. Oh%m. Pharm. Ixxxv. 59; Kaiser, Jahreeh. 1862, 472. 

* GottHeb, Ann. (mem. Pharm. lu. 127 ; Schwarz, ih. Ixxvi. 292. 
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formed,^ and amongst the gases evolved, acetylene and its 
homologues occur.^ Metacetone is a pleasantly-smelling liquid 
which: ' boils at 84'’, and is oxidized by chromic acid solution 
to carbon dioxide, and acetic and propionic acids. 

Dry sugar is carbonized by concentrated sulphuric acid only 
on warming, whilst a concentrated syrupy solution is acted on 
in the cold; the sugar blackens and swells up enormously, 
carbon monoxide, carbon dioxide, and sulphur dioxide are 
evolved, and charcoal remains behind. On heating with strong 
hydrochloric acid a similar action occurs. 

When sugar is boiled with pure water it does not undergo 
change ; in the presence of acids, however, it is transformed into 
invert-sugar (p. 645). This inversion is effected even by car- 
bonic acid, taking place very slowly in the cold, as is the case 
also when other dilute acids are employed. If, however, a larger 
solution saturated with carbon dioxide be heated in a closed 
tube for a few hours to 100 ® the conversion is at once completed.® 

When sugar is heated with water to 160° it is decomposed 
with formation of formic acid, carbon dioxide, and charcoal.* At 
a temperature of 280° the two last-named products are formed 
together with some pyrocatechin, CgH^Og, a derivative of 
benzen§^ 

Cane-sugar is not carbonized when heated wdth caustic potash 
solution, and does not precipitate cuprous oxide from an alkaline 
copper solution. If, however, to an ammoniacal silver solution 
cane-sugar be added, and then some caustic soda, a mirror-like 
deposition of silver takes place on warming.® 

If sugar be triturated with eight parts of lead oxide the 
mixture takes fire. When fused with caustic potash it yields 
formic acid, acetid acid, propionic acid, oxalic acid, acetone and 
metacetone (Gottlieb). 

When yeasi is added to a solution of cane-sugar no immediate 
fermentation is produced, but this takes place on standing, as 
invert-sugar is then formed, and this is then acted upon by the 
ferment. Sugar acts as an anti* putrescent, and is therefore 
used in the preservation of fruit. 

831 Metallic Compounds of Sugar. Cane-sugar combines with 

* Benedict, Ann. Chem. Pharm clxii. 304. 

* Berthelot, Jahresb, 1858, 220. 

* Von Lippmaiin, Ber, Bmtsch. Chem. Ges. xiii. 1822. 

^ Loew, Zeitseh. Chem. 1867, 610. 

^ Hoppe-Seyler, Ber. Deutsch. Chem. Oes. iv, 15. 

* Salkowski, Hoppe-Seylcr’s Zeitsch. Phys. ChUm.. iv. 133. 
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various oxides and hydroxides, forming compounds the exact 
constitution of which has not as yet been determined. These 
compounds are probably formed by the replacement of hydrogen 
in hydroxyl by the metal, and they have usually been termed 
saccharates, but as this name is also used to designate the salts 
of saccharic acid, it is, therefore, convenient to adopt for the 
compounds at present under consideration the French term of 
mcrates. ’ 

Sodium Sucrate, CigHgiNaOji, separates as a semi-fluid mass 
on the, addition of a concentrated solution of caustic soda to a 
solution of sugar in alcohol ; the reaction is accompanied by an 
evolution of heat. After washing with alcohol and drying in an 
atmosphere of carbon dioxide it forms a translucent friable mass, 
possessing a strongly alkaline taste, and dissolving readily in 
water. The solution is decomposed by carbon dioxide, sugar 
being again formed.^ 

The corresponding potassium exhibits exactly analogous 
reactions. 

Ammonium Sucratc, Ci 2 H 2 i(NHJOji. Sugar absorbs dry 
ammonia, and is transformed into a viscous mass which contains 
4'72 per cent, of ammonia, this corresponding to the above 
formula. On exposure to air tlie ammonia escapes, and sugar 
is left behind.^ 

Sucrates of Calcium, At the close of the last century, Lowitz 
noticed the fact that lime dissolves readily in an aqueous sugar 
solution, the amount of lime dissolved depending upon the 
strength of the sugar solution,^ and also upon the temperature,^ 
being the greater the more sugar is present, but diminishing 
with the increase in temperature of the liquid. This fact being 
explained by the behaviour of the sucrates as described below. 

This solution, which has an alkaline and bitter taste, may bo 
used instead of soda solution in volumetric analysis (Peligot), 
and it is also used in medicine. The liquor calcis saccharatua of 
the pharmacopoeia is prepared by digesting together one part of 
slaked lime, two parts of sugar, and twenty parts of water. The 
mixture is filtered, after standing for a few hours; and the 
filtered liquid contains one part of lime to sixty-five parts of the 
solution. It is administered in cases of chronic sickness and of 
sickness during pregnancy. 

^ Soabeiran, Jmm, Pharm, [3], i. 049 ; Breiidccke, Arch. Phamt, [2], zxix. 71. 

^ Berzelius, TraU4 Chem. v. 239. 

• Peligot, Compt, Pend, zxxii. 335 ; Bcrthelot, Ann. Chim, Phya. [3], xlvL 
173. •* * Dubranfaut, Cmnpt, Rend, xxxii. 498, 
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The calcium sucrates, or saccharates of lime as they are 
commonly called^ which play so important a part in the sugar 
manufacture^ were first more closely examined by Poligot * and 
by Soubeiran.* 

Monocalcium derate, or Monobasic Saccharate of TAmc, 
Ci2H220ii+CaO, or Oi2H2i(CaOH)On, is thrown down as an 
amorphous precipitate when alcohol is added to a solution 
containing equal molecules of sugar and lime. When dried in 
an atmosphere of carbon dioxide it forms a white, brittle, easily 
friable mass. To prepare the pure salt, a sugar selution 
containing an excess of lime is treated with magnesium chloride, 
when magnesium hydroxide is precipitated, and the monobasic 
saccharate remains in solution and is then precipitated by the 
addition of alcohol.® Monocalcium sucrate dissolves readily in 
cold water. On boiling the solution, the tribasic saccharate 
separates out, but dissolves again on cooling. 

Dicalcium Sucrate, Ci2H220ii42Ca0, or C|2H2(j(Ca0H)20ii, is 
obtained when a solution of sugar is treated with an excess of 
slaked lime and the filtrate precipitated by alcohol.* It separates 
from its hot concentrated aqueous solution on cooling in white 
crystals,^ and dissolves at the ordinary temperature in thirty-three 
parts of water, but is more readily soluble in sugar solution, and 
the aqueous solution comports itself at the boiling point as does 
that of the monobasic compound. 

Tricalcium Sucrate, Ci2H22®ii + 3C!aO, or Ci2Hi9(Ca0H)30n. 
The fonnation of this compound has already been described. 
It is obtained as a paste resembling coagulated albumen, and 
must be filtered hot and washed with hot water. When dried 
it forms hard brittle masses containing three molecules of water. 
If powdered caustic.lime be added to a sugar solution containing 
alcohol, heat is evolved, and after standing sixteen hours the 
sugar and the lime have combined to form a granular mass of 
the tribasic sucrate.® It requires more than 100 parts of cold 
water tot solution, and, on boiling, one-half of the salt separates 
out.^ It dissolves readily, however, in sugar-water. When 
boiled with alcohol it is converted into the anhydrous hexabasic 
saccharate.’ 

1 Ann, Chem, Pharm. zzx. 71 ; loc. cU. ; Compt. Pend. lix. 030. 

3 Ann. Ckem. Pharm. zliii. 229. 

> Benedict, Per. Deutach. Ckem. Qes. vi. 413. 

^ Pelouze, Jahreah. 1864, 572. 

* Boivin and l^iseau, Ann Chim. Phya. [4], vL 203. 

^ Neue ZeUach. PUhimzuckeTfi^V!^, »» 

' D4on, Ball. Chim. zvlL 155. 
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Strontium Svi^rate, Ci2H2Q(Sr0H)20ii. When strontium 
hydroxide is added to a boiling 15 per cent, solution of sugar, 
the above compound begins to separate as soon as more than 
two molecules of strontiahave entered into solution to each mole- 
cule of sugar present. When two and a half molecules of 
strontia have been added, almost the whole of the sugar is 
precipitated. Prepared in this way it forms a granular pre- 
cipitate, which may be easily washed with hot water. If 
suspended in boiling water and allowed to cool, it decomposes 
slowly jn to its constituents. If, however, its solution be heated 
with strontia under pressure above 100° higher basic compounds 
are obtained (Scheibler). 

Barium Su^rate^ Ci 2 H 2 i(BaOH)Oji. If a hot solution of 'one 
part of caustic baryta in three parts of water be mixed with the 
syrupy solution of sugar obtained by dissolving two paits of dugar 
in four parts of water the liquid solidifies to a crystalline mass. 
After washing with cold water and drying in an atmosphere 
free from carbon dioxide, the salt is obtained in glistening scales 
resembling those of boric acid. These have an alkaline taste, 
and, like the preceding compounds, are decomposed by carbon 
dioxide, sugar being again formed.^ 

The compounds of sugar with the alkalis and alkaline earths 
dissolve many, bodies which are insoluble in water, especially 
metallic oxides, as, for instance, oxide of iron, oxide of copper, 
&c.,^ whilst the salts of these metals in the presence of sugar 
are not precipitated by alkalis.* A solution of lime in sugar- 
water also dissolves carbonate, phosphate, and oxalate of lime.^ 

832 SucratcB of Lead, By digesting lead oxide with a sugar 
solution Berzelius obtained the compound + 2PbO, or 

Ci 2 H 2 o(PbOH; 20 ii, and when the le^ oxide is present in excess 
all the sugar is precipitated.® This compound is also formed, 
according to Peligot, when sugar solution is precipitated with 
ammoniacal lead acetate, and the gelatinous precipitate thus 
obtained, dissolved in boiling water and the solution allotired 
to cool, the disaccharate separating out either in ciystalline 
warty masses or in needles. It is insoluble in water, but dis- 
solves readily in lead acetate solution. According to Peligot 

^ Peligot, Ann, Chim. Phys, [2], Ixvii. 125 ; see also Stein, Ann, Chem, Pharm* 
zxz. 32. 

* Huntou, Joum, Prakt, Chem, xi. 413 ; Bodefhender, Jahresh. 1865, 600. 

’ Tjosaaigne, Compt, Rend, xiv, 691 ; Grothe, Joum, Praki, Chem. zeii. 176. 

^ Bobbiere, Ann, Chem, Pharm, Izzx. 344* 

* Dubmnfaut, Compt, itend, zxxiL 498. * 
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this compound has the formula Ci 2 HigPb. 20 ii, but the above 
formula given to the compound by Berzelius has been verified 
by the researches of Mulder, who has also shown that this 
substance loses a molecule of water when heated to 165°.^ 
When caftstic soda solution is added to a solution of sugar 
and lead acetate, the tribasic saccharate CijHijPbjOj, is pre- 
cipitated ; this is somewhat soluble in boiling water and 
dissolves readily in caustic potash. It is also easily soluble 
in sugar-water, and from this solution the tribasic compound 
separates in needles (Boivin and Loiseau). 

Lead is attacked by sugar solution, slowiy at the ordinary 
temperature and more quickly at the boiling point, the lead 
pasKng into solution. Copper and zinc, on the other hand, are 
but slightly acted upon by sugar solution.^ 

Sucraies of Iron, Difficulty has often been experienced in 
carrying raw sugar in iron ships, as it has been found that the 
liquor leaking from tlie casks attacks, and rapidly corrodes, the 
iron plates. Moreover, it is a common observation in sugar 
refineries that the iron portions of machines arc rapidly acted 
upon, or even completely dissolved, by the sugar solution. 
J. H. Gladstone,-^ who has investigated this subject, has found 
that ^hen a piece of iron is partially immersed in a solution 
of sugar it is quickly attacked at the point of contact with the 
li<piid, ferrous oxide passing into solution. This afterwards 
absorbs atmospheric oxygen and is precipitated as ferric 
oxide, whilst the sugar solution attacks a fresh portion of the 
iron. The sugar thus acts as a carrier of oxygen, and a small 
quantity of it is suflScient to corrode deeply a large plate of 
iron. The solution of ferrous sucratc is of a dark reddish- 
brown colour, and has the taste of tlic other ferrous salts. It is, 
however, not decomposed by alkalis, but sulphuretted hydrogen 
precipitates the iron completely as sulphide leaving pure sugar 
in solution. 

In order to isolate the sucrate, Gladstone allowed iron to 
remain in contact with sugar solution in a warm place for 
eighteen months, when the whole became dry. This mass 
gave with water a tasteless solution, which possessed only a 
slight aftertaste of iron. It is not so readily altered in presence 
of oxygen as is the compound before described. The determi- 

^ Journ. Prakt, Clicm, xix. 187. 

- Gladstone, Quart. Joum. Chem, Soc. vii. 195. 

® Quart. Journ. Chmn. Soc, vii. 193. 
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nation of iron gave the formula Gladstone 

is himself in doubt as to whether he was dealing with a pure 
compound. The same cliemist found, fiirtlicr, that the presence of 
sodium chloride and otlier salts does not accelerata^thc corrosive 
action of sugar on iron, and that in fact the presence of these 
salts lias no influence whatever on the reaction. 

833 Compounds of Su gar vrlth ^(xLls. By evaporating a solution 

of sugar with common salt, Peligot in 18M9 obtained deliques- 
cent crystals, which, on analysis, he found to be a compound 
of ecflial inoleculos of the two bodies. Blondeau do Oarolles 
then examined a similar body which, however, contained water 
of crystallization, of the presence of which Peligot made no 
mention. Neither Mitsch(3rlich nor other chemists could, how- 
ever, obtain either of tliosc bodies, and the existence of this 
compound was held in question until Maumene ^ and GilP 
succeeded in again obtaining it. For its preparation 85 
parts of sugar and 15 parts of common salt are dissolved in 
water and the solution allowcid to evaporate over sulphuric 
acid. It has the composition -i- NaOl + and 

crystallizes in rhombic prisms very readily soluble in water, 
but deliquescent only in very moist air. Gill in one pre- 
paration accidentally obtained crystals of the composition 
2 Ci2H.220ij + oNaCl + 41IoO, but he could not obtain those 
again. 

In addition to the above, the following compounds are known : 

C12TI22O11 -I" KCl 4- 2II.2O rhomliic non- deliquescent 

cry.stals.'* 

2C\.2H22Gii 4- 3NaI 4- ^II^O largo monoclinic crystals. 

4- Na^BsOy I- 4IIj,0 large crystals.^ 

CigUggOji 4- CUSO4 4- 2II2O small blue crystals.® 

Ethereal Compounds of Saccharose. 

834 Cane-sugar contains eight hydroxyls the hydrogen of 
which can be replaced by acid radicals. 

Tetranitroxysaccharose^ Ci2hIi8(N03)407. This compound, 
which is also termed nitro-sugar or fulminating cane-sugar, 

^ Bull. Soc. Chim. xv. 1. * Juurn. Chem. Soc. [2], ix. 269. 

* Mailmen^, B%iU. Soc. Chim. xix. 289. * Gill, loc. cit. 

• Stiirenberg, Ann. Chim. Pharm. xviii. 279. 

® Bamswil, Journ. Pharm. [3] vii. 29. 

VOL. m. • M M* 



530 


CARHOHYDRATKS. 


is obtained by acting (;n sugar with a mixture of concentrated 
nitric and sidpliuric acids and is a resinous mass insoluble in 
cold water. At a low temperature it is brittle, but at the 
ordinary atmosphere temperature it foniis an elastic mass which 
can be drawn out into line threads exhibiting a fine silky lustre. 
It detonates when touched with a glowing body, and explodes 
on percussion. It is readily soluble in sulphuric acid, in strong 
nitric acid, in alcohol, &c. Tlie formula above given for this 
body, although probable, has not as yet been delinitely fixed.i 
Afunacdu-mLxkaroHe, CjAUj (Coil./ >2)011, is formed when 2 
parts of sugar, 1 part of acetic anliydride, and () to 8 parts 
of gkicial acetic acid are heated together. On then adding* 

O I O O 

ether, the acetate is precipitated as an amorphous muss, whicli 
is soluble in watej* and alcohol, and has a taste wliich is at the 
same time slightly sw^eet and bitter. When its ethereal solution 
is evaporated, an amoridious residue is obtained, consisting of 
a mixture of the tetracetate and the pentacetate.- 

When sugar is heated with an c‘xcess of acetic ardiydride, or 
witli a inixtiire of sodium acetate and the anhydride, the hex- 
acMjtate and tlie octacetate are formed.*^ These likewise are 
resinous bodies insoluble in water. Tlu^y are saponified by 
potash'- solution with vo-formatiou of cane-sugar.'^ 

Paramccharosc^ solution of sugar to which 

ammonium phosphate is added be allowed to stand exposed 
to the air a peculiar fermentation sets in and parasacch arose 
is formed, togi;thei* with an amorphous deli(piescent glucose, 
rarasaccharose is dextro-ret.Mtory and forms small crystals which 
dissolve readily in Avatv.*r, but are insoluble in absolute alcohol.^'' 


MILK SUGAR, Ci^ILAi. 

835 Milk sugar, occurring in the milk of mammalia, especially 
in that of th(^ herbivora, was first examined in 1G19 by Fabrizio 
Bartoletti and termcHl by him manna s. nitriim seri ladis. It 
was more closely examined by Ludovico Testi, who in his 
IMaziune conccrnrnlc U zncexiro di Latte, published in 1C98, 
recommends it as a valuable medicine. 

^ Si;li()iibein, Pog^. Ann. Ixx, 100 ; Sobrero, CompL Haul. xxv. 122 ; Thoinx)* 
son, PUarm. Journ. Truna. viii. 10.5 ; Jiciusdi, Jahrb. Prn'kl.Pharm, xviii. 102 ; 
A. und W. Kiiop, Junrn. Pral f, Chrut. Ivi. 334. 

ScliurzculHT^Ter anil Nainlin, Pull. Soc, Vhiin. xii. 207. 

® Ilorzfrlil, I}e7\ Dcuisch, CJian. Ocs. xiii. 267. 

* Denioli*, ih. xii. 1036. ® Joilin, Compks Hciid. liii. 1252. 
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According to Buuchardat, milk-sugar occurs, together ^vith 
cane-sugar, in Scvpoia achras, a West Indian tree, also grown 
ill other tropical countries for the sake of its fruit. Its milky 
sap in addition yields caoutchouc. Bouchardat examined a 
sugar-like substance, found amongst other specimens, with the 
label, Sucre obtcivu dc sue du saiiot illici\ Martinicpic, 1837,” 
and proved that it contained both sugars. From the ripe fruit, 
which he procured from Cairo, lie obtained a sug.ar which, like 
milk-sugar, is transformed on oxidation into mucic acid, but 
which does not crystallize. Boucliardat therefore believed that 
the milk sugar is derived from the milky sap.^ 

Milk-sugar is prepared in laige ([uantit}', especially in 
Switzerland, from whey, this being simply tivajiorated to a 
syrup, and allowed to stand in a cold place. Tt is purified by 
re-crystallization, string or s])lintt‘rs of wood being placeil in 
the solution, round which tlui crystals arc dijposited. 

Commercial milk-sugar contains small quantities of other 
organic bodies and salts. In or<h;r to ])urify it is rocrystallized 
and precijjitated sev(‘ral times from acjiieous solution by the 
addition of alcohol. 

Pure milk-sugar forms largo transparent rhombic crystals, 
which contain one molecule of water of crystallization. It li;is 
at a specific gravity of 1*534* and its co-eflicient of cubic 
expansion from O^'tolOfris 0*001)11 (Joule and Playfair). It 
dissolves in 0 parts of cold aiid 2*5 part s of hot water and has a 
much less sweet taste than cime -sugar. In mIcoIioI it is insoluble. 

If its aqueous solution bo rapidly hoilcil it siulihmly solidifies 
to a porous mass consisting of small crystals of the anliydrous 
compound.- This dissolves, with slight riMluction of tempera- 
ture, in as little as 3 parts of cold water, and from this solution 
crystals of tlic hydrated variety are ([uickly dej)ositod. 

When hydrat(?d milk-sugar is heated to 130'^ it loses its watei 
of crysl.allizati(jn and a white amorphous hygroscopic mass 
remains, which dissolves in water witli an increase of tempera- 
ture. If this solution be boiled, 4 parts of tnilk-siigar still 
remain in solution at 111®, but at 115" the liipiid solidifies to 
a mass of the crystalline anhydrous sugar (Kivlmann). 

These isomeric modifications differ amojjgst themselves in 
their optical properties. 

* Bull, Soc. Ckim. [2], xvi. 36; Uofiiici.sl(‘r, Ilopi»c-ScyL;r’H Xcilach, Physiol, 
0/tem. i. 107( or 101). •« 

^ Schmogeii, Ber. JJcutach. Chem, Ges, xiii. 1015 ; Krdiniujii, ih. 2180. 

M M* 2 
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When milk-sugar is heated above 130° it acquires a yellow 
colour and at 180° it becomes brown, with formation of 
amorphous lactocaramel and separation of water. 

Milk-sugar also becomes brown on heating with alkalis and 
it reduces alkaline copper solution. When heated with am- 
moniacal silver solution, the reduced metal forms a mirror-liko 
deposit, and this reaction is used for silvering glass. When 
heated with water milk-sugar begins to decompose at 105° — 
110°, and at higher temperatures it yields the same products 
of decomposition as are found in the case of cane-^ugar 
(Hoppe-Seyler). 

When placed in contact with water and sodium amalgam 
it yields dulcite, mannite, isopropyl alcohol, and secondary 
hexyl alcohol. If boiled with dilute suljjhuric acid it splits 
up into equal molecules of galactose and grape-sugar, water 
being eliminated. When heated with aqueous oxalic acid to 
100° it is unaffected, thus differing from cane-sugar, and by this 
reaction the presence of the latter in a mixture of the two 
sugars can be detected.^ , 

Milk-sugar does not undergo fermentation in the presence 
of pure jeast, but it is decomposed by certain schitzomycetes 
yielding alcohol and lactic acid,^ the well-known intoxicating 
drink of the Tartars called koumiss being made from mare’s 
milk.® A similar drink is now prepared in London, Switzerland, 
and other places from cow s milk, and much used as a dietetic 
for invalids. A sample of koumiss prepared in Davos was found 
on analysis to possess the following composition : — 


Water 
Alcohol 
Lactic acid . 
Sugar 

Albuminates 
Butter . . 
Salts 

Carbon dioxide 


90-346 

3*210 

0*190 

2*105 

1*860 

1*780 

0*509 

0*177 

i^lfl 


Old Bussian koumiss contains more lactic acid and no sugar.^ 

^ Bouchardat, Ann, Chim. Phys, [4J, xxvii. 76. 

* Lorin, Fresenius’s Zeitsch^ xviii. 107. 

* For its preparation, see Pogg, Ann. zzzU. 210. 

^ 8uter-Nae( Bcr, Dmtseh. Chem, Oes, v. 286. 
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Milk-sugar is used for various purposes in medicine. Its 
aqueous solution mixed with cow s milk in certain proportions 
forms the essential feature of the artificial mother s milk now 
much in vogue. Human milk contains on an average 4 per 
cent, of milk-sugar. 

836 Melallic Compouiuls of Milk-Sugar, Milk-sugar unites 
with the alkalis, the alkaline earths and lead oxide, forming com- 
pounds which, like those of cane-sugar, dissolve readily in water, 
but are insoluble in alcohol. Like cane-sugar it also prevents 
the precipitation of copper oxide, iron oxide, &c. 

Ethereal Comj)Oitnds of Milk-Sugar. Milk-sugar, like cane- 
sugar, contains eight hydrogen atoms which are capable of 
replacement by aci<l radicals. 

Nitroxylaetofie, If milk-sugar 1)0 brought into a cold mixture 
of concentrated sulphuric and nitric acids and water bo then 
added, a precipitate is formed which crystallizes in glistening 
scales from solution in alcohol.^ According to Sokolow this is 
pentanitroxylactoscy Ci 2 Hi 7 (]S' 03 )r,Oii ; it molts at 140° and 
when the temperature is raised to 15G° it explodes. At the 
same time amorplious irinitroxylactosey Ci2Hi,)(NO.j)./)n, is 
formed; a body melting at 37° and at 110° decomposing with 
a powerful detonation.^ 

Octacefolactose, Ci2Hn(C2n3().2)gOjj, is formed by heating milk- 
sugar with acetic anhydride and precipitating tlie solution 
with water, wdien ietracetolactosc remains in solution and when 
dried forms a white, deliquescent granular powder.® The octo- 
compound is also obtained by heating milk-sugar togetlier with 
the anhydride and anhydrous sodium acetate to 100 °.^ It 
crystallizes from a mixture of alcohol and ethyl acetate ’in 
rectangular tablets, and on saponification again yields milk- 
sugar. According to Demole, octacetolactose is also formed 
by the employment, instead of milk-sugar, of a mixture of 
grape-sugar and galactose obtained by the action of boiling 
dilute sulphuric acid on milk-sugar. Thus, it would appear 
that two glucoses may be re-united, with elimination of water, 
to form milk-sugar.® 

' Reinscli, Jahresb. 1849, 470; Vohl, Amu Chem, Phann. Ixx. 362, 

^ CfuTii, CetUralb, 1882, 170. 

* Schutzenberger and Naudin, Bull. Soe. Chim. xii. 208. 

^ Herzfeld, Bcr, DciUttcK Chem. Ges. xiii. 266. 

® Bcr, Dcutsch, Ghcm, Ges. xii. 1936. 
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Melttose, C12H22O11 + BHgO. 

837 This compound forms the Australian manna which exudes 
in drops from the Eucalyptus mannifera and other species of 
eucalyptus occurring in Tasmania where it is collected. It was 
first examined by Johnston in 1843, who assigned to the 
eucalyptus-sugar the formula CigHgjjO,^, and also showed that 
it contains water of crystallization,^ whilst Berthelot, who studied 
it more closely in 1850, gave it the name it now bears.^ ^ 

For the preparation of melitose, the manna is dissolved in 
hot water, tlie solution clarified by animal charcoal, and the 
filtered solution then allowed to crystallize. It forms fine felted 
needles, which give up two of their molecules of water at 
100° and the remaining one at 130°, becoming, however, at this 
temperature yellow-coloured. Melitose has a slightly-sweet 
taste, dissolves in cold water in about the same proportion as 
mannitc, and is readily soluble both in hot water and in alcohol. 
When boiled with dilute sulphuric acid, or when its aqueous 
solution is allowed to ferment in presence of yeast, it splits 
up into grape-sugar and eucalyn.^ 

Melezitosk, Ci 2 H 22 ^)u + 

838 This sugar occurs in the manna of Brian 9 oii,‘^ which in 

Southern France exudes in the summer from the young twigs 
of the larch in French; Ahies Larix) and is used as a 

substitute for sugar. Mclezitose is also found in turanibin, a 
manna-like substance exuded from tlie Alhazi Maurorum, a 
shrub which grows in Persia and Aflfghanistan. This species 
of manna is brought into Lahore where it is used as a pur- 
gative. It contains, beside melezitose, cane-sugar and a syrupy 
matter.® 

Melezitose is extracted from larch manna by boiling out with 
alcohol and is then recrystallized. It forms small, hard, glisten- 
ing monoclinic crystals, whicli are about as sweet as grape-sugar 
and effloresce in the air. At 100° they lose their water of 
crystallization and they melt at 140°. When boiled with dilute 
sulphuric acid melezitose is converted into grape-sugar. 

* Mem, Cheni, Soc. i. 169. ^ Ann, Chim, Phys, [3], xlvl 60. 

* Ann, Chim, Phya, [xvli.], 366. 

^ Berthelot, Ann, Chim, Phya, [3], Iv, 282. 

* Villiera, CmwyUa PUnd, Ixxxiv. 35. 
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Mycose oe Trehalose, + 2H2O. 

839 In 1833 Wiggers found a sugar in ergot of rye (Clavicciifi 
purpurea), but its properties were then more closely studied by 
Mitscherlich, who gave to it the name mycose (jivko^, fungus). 
Bertlielot then examined trehala mamvi, which is obtained from 
the nest of a coleopterous insect {Lavinm nuUjicaus), found in 
Syria upon a species of EcMnops, The larvae live on tlic sap, but 
exude the partly-digested food in order to make their nests. This 
nest*is bag-shaped and about the size of an olive ; the mass 
of which it is composed consists, together with a peculiar sugar, 
of a considerable amount of starch, some gum, and otlier sub- 
stances.^ In the East this treliaJa-manna is used as food and 
in Persia it is known as nest-sugar. Berthclot proved tlie 
distinct nature of this sugar and termed it trehalose,'^ and ho 
afterwards recognised that it was identical with mycose.® 

Trehalose also occurs in several species of fungus, as, for 
example, in the AgaricMS suljjhurctcs, which, when dried, contain 
10 per cent, of this substance. In Boletus cyanatus mannite 
occurs together with mycose.^ 

To prepare trelialoso, tlie trehala is boiled with alcohol, or 
the fungus is extracted with water; the solution is precipitated 
with lead acetate, the lead removed from the filtrate by means 
of sulphuretted hydrogen, and the solution then evaporated 
to a syrup. 

Trelialoso forms rhombic crystals, which melt when heated 
to 100'", and at 130"* lose their water of crystallization and 
solidify. It dissolves easily in cold water, but is hardly soliibhi 
in cold alcohol. It possesses a sweet taste, and is transformed 
into grape-sugar when boiled with dilute sidphuric acid. 

Maltose, 012^22011 + HgO. 

840 As early as 1811 Kirchhoff made the observation that 
starch may be converted into a crystalline sugar by treatment with 
dilute .sulphuric acid.® Two years after this he found that the 
albuminous substance contained in grain is also able to effect 
this change, and, further, that the transformation is much more 
speedily effected when malted grain is used.® This stiirch- 

' Gouibert, Ctmpt. Bend, xlvi, 1213. * Ann. Chini. Phys, [3], Iv. 271. 

® Ohiin. Org. ii. 2(13. ** Miintz, Uompt. llend, Ixxvi. C49. 

® Schtoeigg, Journ, iv. 108. ® 10. xiv. 380. 
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sugar, which Saussure described ’more fully in 1819,^ was at 
a later date considered to be identical with grape-sugar, until 
Dubrunfaut pointed out that the sugar from malt is more 
difficultly soluble in alcohol and exhibits a stronger rotatory 
power than grape-sugar, and that, therefore, it is a distinct 
substance, to which he gave the name of maltose.^ 
individuality of this substance was, however, first comjjl^tely 
established by the researches of O’Sullivan.® Maltose is also, 
according to Dubrunfixut and others, the first product of the 
action of dilute sulphuric acid on starch (see Starch and Dextrin, 
pp. 554-563). 

Preparation. For the preparation of maltose 2 kilograms of 
potato-starch are rubbed up with 9 liters of cold water and then 
heated in a water-bath until it forms a paste. When this has then 
cooled down to 60° — 65°, from 120 to 140 grams of air-dried malt 
are added, and the mixture is kept at this temperature for an 
hour. It is next heated to the boiling-point, filtered hot, and the 
filtrate evaporated in shallow dishes until it attains the con- 
sistency of a syrup. Tliis is then repeatedly boiled up with 
90 per cent, alcohol. After a portion has been treated thus 
once or twice it is then extracted with absolute alcohol and the 
resulting splution is evaporated to a thin syrup which, after 
some days, crystallizes. The operation last described is, how- 
ever, necessary only in cases where crystallized maltose is not 
to be had. In this case the alcohol is distilled off from the 
other extracts, the liquid evaporated to a syrup, and a small 
piece of crystallized maltose added. After the lapse of from 
three to five days the whole will have solidified to a thick paste, 
which is washed with methyl alcohol, thrown on to the filter 
pump, again washed with methyl alcohol, and then pressed. 
The residue, dried as completely as possible, is then dissolved 
on the water-bath, 30 cbc. of water being employed for every 
100 grams of the material, 260 cbc, of 90 per cent, alcohol are 
next added, the liquid filtered hot, and the filtrate allowed to 
crystallize. The product is then further purified by recrystal- 
lization from hot alcohol or w^ood spirit.^ 

Maltose crystallizes in fine needles which become anhydrous 
at 100°, yielding an extremely hygroscopic residue. In aqueous 
solution it undergoes no change on treatment with malt extract, 

* Ann, Chim. Phys. xL 379. • Ann. Chim. Phya. xxi. 178. 

’ Journ, ClMm. 1872, 579; 1876, i. 478 ; see also Schulze, Btr. Deutsche 
C?um, Oea, vii. 1047. * Soxhlet, Joum. PraJct/Ch&m. [2], xxi. 274. 
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but when boiled with dilute sulphuric acid it is transformed 
into grape-sugar.^ From the latter it is distinguished not only 
by its stronger rotatory power, but also by being less soluble in 
alcohol, and inasmuch as it does not reduce a weak acetic acid 
fol^tion of copper acetate. 


THE GLUCOSES. 


Gkape Sugar, or Dextrose, CuHjjO,, 

8^1 So long ago as 1660, Glauber noticed that a granular 
sugar is contained in honey, in raisins, in inspissated must, and 
in the juice of sweet clierries. This substance was afterwards 
examined by various chemists, thus Lowitz pointed out that it 
differs from cane-sugar and that honey conttiins in addition a 
non-crystallizable sugar, whilst Proust in 1802 showed that the 
crystalline sugar of honey is identical with grape-sugar, and 
he classed cane-sugar, grape-sugar, and the non-crystallizable 
sugars, as distinct substances. 

As has been already stated, Kirchhoff found in 1811, that 
starch may be transformed into a sugar, and Braconnot in the 
same year obtained it from linen rags. 

More exact knowledge of these several varieties of sugar was 
obtained first, by the optical researches of Biot, and secondly 
by the more extended researches of Dubrunfaut. 

The name glucose was suggested by Dumas, whilst Bcrthelot 
termed the left-handed or fruit sugar, laevulose, and Kekule 
then designated the dextro-rotatory grape-sugar by the appro- 
priate name of dextrose? 

As already described under cane-sugar, dextrose is ve^y 
widely distributed throughout the vegetable kingdom, occurring 
almost invariably together with an equal quantity of laevulose 
forming invert-sugar, cane-sugar being also usually present 
(p. 497). The last-named sugar docs not, however, occur in 
ripe grapes and cherries, these containing from 9*5 to 17 per 
cent, of invert-sugar. The amount of sugar and of acid con- 
tained in the various varieties of fruits has been determined by 
Fresenius ® and by Buignet.* 

Dextrose is also normally contained in small quantity 
in various animal fluids and tissues, occurring for example 
in the chyle, in the allantoic fluid, in urine, in the 

^ Compare Meis8l,*Vow»^* PraH, Chem, [2], xxv. 123. ” Lehrh. ii. 830. 

’ Ann, Chem, Pharm,€i, 219. * Ann, Chim, Phya, [3], Ixi. 238. 
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liver, in eggs, &c. In cases of diabetes mellitus the urine 
contains as much as from 8 to 10 per cent, of grape-sugar, 
so that in the course of twenty-four hours the quantity of 
sugar eliminated often amounts to as much as 500 grams. 
Dextrose is also very frequently formed as a product of decom- 
position of the glucosidest a numerous class of bodies occurring 
chiefly in the vegetable kingdom. These by the action of dilute 
sulphuric acid or of certain ferments, are transformed, with 
assumption of water, into dextrose and other compounds. Some 
yield isomeric glucoses in place of dextrose. Dextrose is also a 
decomposition product of myronic acid. 

For the preparation of small quantities of dextrose many 
recipe*s liave been given. Of these the following yields a very 
pure product.^ A mixture of 500 cbc. of 90 per cent, alcohol, 
and 20 cbc. of fuming hydrochloric acid is heated to 45°, and to 
this 160 grams of finely powdered cane-sugar arc added in small 
quantities at a time, tljc heat being kept up till the whole is 
dissolved. After standing for about a week, crystals begin to 
appear ; the mixture is then frequently agitated, and after 
about two days, a sufficient quantity of crystals having formed, 
the mother-liquor is removed by means of the filter pump. By 
means of these crystals the separation of the sugar in its prepa- 
ration in larger quantity may be accelerated. For the prepara- 
tion of a kilogram of the sugar, 12 liters of alcohol of 90 per 
cent, and 480 cbc. of fuming hydrochloric acid are heated on the 
water-bath to 45®, and 4 kilograms of powdered sugar added. 
When the whole is dissolved, the mixture is allowed to cool, and 
the crystals obtained in the previous preparation are then 
introduced, and the mixture frequently stirred round. A con- 
siderable quantity of very finely divided crystals separate out in 
the course of twelve hours, and after standing for twenty-four 
hours longer, the crystalline powder is separated from the 
mother-luiuor by the filter pump, and washed with alcohol until 
all the hydrochloric acid is removed. Other methods of prepa- 
ration have been described by Muller ^ and by Otto.^ 

842 Manufacture of Starch Sugar. Dextrose is prepared on 
the large scale by boiling starch with water containing from 1 — 2 
per cent, of sulphuric acid, the operation being best conducted 
under pressure. The boiling is continued some little time after 
all the starch has disappeared, 'in orderto allow of the coiiver- 

^ Soxhlet, Journ. Frakt. Chem, 

* Journ, Frakt. Chem. [2], x*vi, 78. ^ * * /6. 87. 
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sion into sugar of the dextrine which is first formed, this change 
however being in no case complete. The liquid is then neutral- 
ized with chalk or very finely-ground limestone, the filtrate 
decolorized, if necessary, with animal charcoal, and the solution 
evaporated, when the gypsum present in the liquid first separates 
out. This is allowed to settle, and the clear liquid is concentrated 
in a vacuum-pan until the point is reached at which it solidifies 
on cooling. As dextrose readily forms supersaturated solutions, 
its separation is accelerated by the addition of crystals of starch- 
sug^lr to the liquid. The material thus obtained contains in 
addition to water, dextrines and other products, the nature 
of which is not yet known. These are not fermentable, and 
they act upon the organism in a similar manner to fusel oil 
(Vol. III., Part L, pp. 148-288). The presence of the dextrines, 
which do not act injuriously, is due to the fact that these are 
the first products into wliicli the starch is transformed, they being 
in turn transformed into dextrose. This latter change proceeds 
more quickly and completely according as the strength 
of the acid used is greater, the action longer, and the 
temperature to which the mixture is brought higher. When 
the final amount of starch decomposed to sugar varies from 
about 40 to 50 per cent, of the wliole, the rate of change is 
proportional to the time allowed for the action. In the later 
stages of the operation the rate diminishes rapidly, so that the 
conversion of all the starch, even if under the circumstances it 
be possible, takes a long time. The cause of this slow action is 
to be ascribed to the amount of the resistance to change which 
the dextrines exhibit in contact with dilute acids.^ Many 
attempts have been made to purify starch-sugar by re-crystalli- 
zation and removal of the mother-liquor by pressure, as this 
cannot be effected by the centrifugal machine, because molasses 
are firmly inclosed between the plates of the sugar crystals. 

Bohr has recently made the important observation that when 
a few crystals of anhydrous grape-sugar, prepared by crystalliza- 
tion from alcoholic solution, are dropped into a solution of the 
sugar of sufficient concentration, heated to 30° — 40°, the dextrose 
separates in anhydrous prisms. Those are also formed when a 
solution of the moderately pure sugar is kept for some time at 
this temperature. The mother-liquor may bo readily Removed 
from these by drying iirthe cenfS^ugal machine.^ 

^ Allihn, Joum, 'Bzaki, Chem, [2], xxii. 96. 

® Cliem, News, xiv. 179; Bcr, Deuisch, Chem, Oea, xv. 1101 ; see also Hesse, 
ih, XV. 2349. 
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In order to prepare pure dextrose from commercial starch- 
sugar, the organic salts present must be decomposed by means 
of hydrochloric acid. The sugar is shaken with 85 per cent, 
alcohol to which 3 per cent, of hydrochloric acid has been 
added, when it becomes changed into a crystalline powder, 
whilst the liquid itself forms thin brown molasses. The liquid 
is removed by means of the filter pump, and the residue washed 
first with neutral alcohol of 85 per cent, and finally with such a 
alcohol of 90 — 95 per cent., this operation being naturally best 
performed on the filter pump. The brown molasses solution 
also deposits on standing pure dextrose in nodules. ^ 

843 Pro^perties, Dextrose crystallizes from aqueous solution 
with one molecule of water in thin six-sided scales which 
are aggregated in nodular- or cauliflower-like masses. From 
alcoholic solution anhydrous microscopic needles are obtained 
(Dubrunfaut) whilst from hot aqueous methyl alcohol, possessing 
at 20'' a siDecific gravity of 0*825, triclinic prisms crystallize 
out, these usually being formed as twins.'^ 

Dextrose dissolves at the ordinary temperature in about 1*2 
parts of water, whilst in boiling water it is more readily soluble. 
One hundred parts of alcohol of specific gravity 0*837 dissolve 
1*94! parts of dextrose at 17®*5, and 21 *7 parts at the boiling- 
point. Grape-sugar has a taste that is less sweet than that of 
cane-sugar, the sweetness of this latter as compared with pure 
dextrose being according to Behr in the proportion of l’G6 : 1. 

Anhydrous grape-sugar melts at 146° and passes at 170° into 
glucosan, CgllioOg or C^gHgoOiQ, a colourless mass possessing 
hardly any sweet taste, and being again converted into dextrose 
when boiled with dilute acids.^ 

If a solution of dextrose in alcohol be cooled in ice, and then 
saturated in the dark with hydrochloric acid, diglucose, C 12 H 22 O 11 , 
is produced, forming a very hygroscopic gum-like mass. When 
this is heated with water to 160°, it passes into a sugar, C^HigOg, 
which differs from dextrose in that it possesses a very sweet 
taste, and it undergoes fermentation only with great difficulty.* 
In aqueous solution dextrose is reduced to mannite by the 
action of sodium amalgam.® At the same time, ethyl alcohol, 
secondary propyl alcohol, hexyl alcohol, and lactic acid are also 

4- 

* Schwarz, Dingier * 9 Polyt, Jmm, ccv. 427. 

® Soxhlet and Hrezina, Journi Vrakt. [2], xxi. 247. 

3 Gelis, CompL Rend. li. 331. 

* Gautier, Bull, Soc. Chim. [2], xxii. 145. 

^ Dewar, Phil, Mag, [4], xxxix. 345. 
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formed.^ The substance last named is produced by the action of 
the caustic soda formed, for, if grape-sugar be heated on the 
water-bath with soda-ley, a violent reaction commences at 90 ® 
accompanied by increase of temperature, and lactic acid is 
formed, together with some formic acid, pyrocatecliin, and other 
products.^^ 

•Dextrose, like cane-sugar, prevents the precipitation by 
alkalis of various metallic salts. From solutions containing 
gold and silver these metals are precipitated by dextrose on 
warming, whilst from an ammoniacal silver solution the metal 
is precipitated as a silver-mirror. Hence grape-sugar is used 
for silvering mirrors and other glass articles. 

844 Fehlinff's Reaction. If to a solution of dextrose, first 
potash-ley and then copper sulphate be added, a deep blue 
solution is obtained which gradually in the cold, and instan- 
taneously on heating, yields a precipitate of red cuprous 
oxide. This reaction is so delicate that 0*00001 gram of 
grape-sugar may be recognized by the formation of a pre- 
cipitate and 0*000001 by the red coloration of the solu- 
tion.^ If to a solution of grape-sugar, there be added copper 
sulphate solution, soda-ley and an alkaline acetate, a precipita- 
tion of cuprous oxide also occurs on warming. Upon this 
reaction Barreswil^ and Fchling^ have grounded a method for 
the volumetric estimation of sugar, and this has been further 
worked upon and improved by various other chemists. It was 
formerly considered that one molecule of anhydrous dextrose 
had the power of reducing five molecules of cupric oxide to 
cuprous oxide, but according to Soxhlet this is not correct, as the 
quantity of cuprous oxide formed is dependent upon the 
concentration of the solution and upon other circumstances,. 
In the application, therefore, of this reaction to the estimation 
of grape-sugar, care must be taken always to work as nearly as 
possible under the same conditions. For further details the 
subjoined memoirs may be consulted. 

Other Methods of Detection and Estimation. When a solution 
of mercury cyanide, to which caustic soda solution has been 

^ Boucliardat, Ann. Chim. Phys. [4], xxvii. 87. 

® Hoppe-Seyler, Bcr, DetUseh, ChAvn.. Gea. iv. 346. 

• Trommer, Ann. Chem, Phann, xxzix. 861. ‘ 

^ Jorum. Pharm. vi. 361. 

• Ann. Chem. Pharm. IxxHk 1Q6 ; cvi. 

• Jmrn Praht, Chem. [2], xxi. 254. 

'f Soxhlet, loc. Allihn, %b. [2], xxii. 62; Heron and Brown, Chem. 

Soe. Trane. 1879, 602.* 
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added, is boiled with grape-sugar, metallic mercury is precipi- 
tated, and Knapp has applied this reaction to the volumetric 
estimation of dextrose,^ whilst in place of tho cyanide Sacchse 
has substituted a solution of potassium mercuric chloride.® 
Soxhlet, who has further worked out this method, lias deter- 
mined the conditions under which reliable results can be 
obtained by titration with alkaline mercury solution.® 

If dextrose be boiled with caustic soda solution and basic 
bismuth nitrate then added, bismuth separates out as a black 
powder.^ Tliis reaction is useful in the detection of grape-sugar in 
urine, as the bismuth solution is not reduced either by uric acid or 
by creatinine, as is the case with copper solution. If, however, 
the urine contains albuminous bodies in which sulphur is 
present, black sulphide of bismuth will be formed, and these 
albuminous matters must therefore be removed before the test is 
applied. For this purpose freshly precipitated basic bismuth 
acetate is dissolved in hot potassium iodide solution with 
addition of a little hydrochloric acid. This lic^uid is then added 
to the urine, which has been previously acidified with hydro- 
chloric acid, the j)recipitate which is formed filtered off, tho 
filtrate supersaturated with caustic potash, and then heated 
to the boiling point.® 

When a solution containing potassium fcrricyanidc and an 
excess of grape-sugar is heated, and baryta-water then added, 
the solution becomes colourless from formation of potassium 
fcrrocyanide. If a solution of dextrose to which caustic soda 
has been added, be heated to 90°, and then a few drops of a 
solution of picric acid added, a red coloration is produced from 
formation of picramic acid. Laevulose and milk-sugar give the 
same reaction, but neither cane-sugar nor mannite.^ 

When an a(iueous solution of dextrose is heated with chlorine 
or bromine and then with silver oxide, care being taken not 
to add an excess of the latter, a solution of gluconic acid, 
is formed, and this on evaporation remains behind 
as a syrup. It is a monobasic acid, but like the saccharoses 
it yields so-called basic salts.® 

^ Ann, Okem, Phann, cliv. 252. 

Farhstoffe, Kohlenhydmte, &c., Leipzig, 1877, p. 214. * Loe, cit, 300, 

4 Bottger, J<mm, Prakt, Cfmni, li. 431 ; see also Franqul and Vyverl, Fre~ 
senius' ZcUach, v. 263. ® Frcsmkia* Zeitsch. xv. iol. 

® Stahlschmidt, Ber, Deutsch, Chsm; Oea, i. I41v 
^ Braun, Freseniua* ZcUscli. iv. 187. 

® Hlasiwetz u Habermaun, Ann, Ghmn. Plw.rm, civ. f21 ; clviii. 257 ; clxii. 
801 ; Kiliani, ib, ccv. 182 ; Griesshammer, Jahresb, 1879, 852. 
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845 Calcium Ohiconate^ (GQHii 07 ) 2 Ca + 2 H 2 O, crystallizes in 
small needles united in warty masses. If slaked lime be added 
to its lukewarm solution, the liquid filtered and then heated to 
boiling, the salt C^jHi^OyCa is almost completely precipitated. 

On treatment with silver oxide and water gluconic acid is 
easily oxidized to glycolic acid, and by the action of commercial 
nitric acid it yields saccharic acid, oxalic acid, and cassonic acul^ 
CjjHgOy. The last named acid, which may also be obtained 
from sugar, forms a syrup and is dibasic.^ 

Pm'agluconic Acid is produced when gluconic acid is left in 
contact for a long time with nitric acid of specific gravity 1’3. 
It likewise forms a syrup, but is distinguished from glytconic 
acid by the fact that it forms crystalline salts with the alkali 
metals, and non-crystalline salts with those of the alkaline 
earths, whilst with the first named acid the reverse is the case.^ 

Uses of Starch-mgar, Starch- sugar is made use of in the 
doctoring of wine. This treatment consists in diluting the 
sour must with water until the liquid contains only so much 
acid as is present in the juice of the good ripe grape, then 
adding the re(]uisito quantity of sugar,- and subjecting the liquor 
to fermentation. As ordinary starch-sugar always contains 
a large amount of unfermeniable material which is strongly 
dextro-rotatory, doctorod wine can easily be recognised by means 
of the polariscope.^ A vinous drink is also obtained by another 
system, the grape skins being covered with a solution of starch- 
sugar solution and the licpiiil then allowed to ferment. 

Starch-sugar is also used as a substitute for malt in the 
brewing of beer, in confectionery, for making table-syrups, 
artificial honey, &c. The solid sugar is also employed for the 
adulteration of powdered cane-sugar, and in the preparation of 
caramel. It likewise is used in calico-printing, for the reduction 
and fixation of indigo. 

846 Metallic Compmtnds of Dextrose. If sodium ethylate be 
added to a solution of dextrose in absolute alcohol, a precipi- 
tate of CflHiiNaOfl is obtained, which on drying forms a friable 
exceedingly deliquescent powder.^ 

Lime and baryta dissolve readily in a solution of dextrose 
forming different compounds according to the quantity of the 

' Siewert, Jahresh. ^59, 548 ; Hbnig, ih. G66. 

Honig, Manatah. Uhem, i. 49. 

® NeubauevfVcscTOMw’ ZeitBeh. Chem.xv. 186. 

^ Honig and”Ko8cnfcld, Ber. Deutsch. Owm. Oca. x. 871. 
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base present, and these products arc precipitated on the addition 
of alcohol. DextrCse also combines with copper oxide forming 
several compounds.^ 

Grape-sugar likewise unites with common salt, giving rise to 
a variety of comi^ounds; 2CQHj20Q-fNaCl-(-H20 is frequently 
deposited from diabetic urine, and is easily obtained in large 
hexagonal crystals by allowing a concentrated solution, containing 
the constituents in the above proportion, to stand. Dextrose 
also combines with sodium bromide, but'does not form compounds 
with the iodide. • 

Ethereal Compounds of Dextrose ^ Dextrose contains five 
alcoliolic hydroxyls, whose hydrogen is capable of replacement 
by acid radicals. 

Dextrose BidphiLric Acid, Dextrose dissolves in cold concen- 
trated sulphuric acid without coloration, forming a dextrose 
sulphuric acid which yields soluble salts, and soon splits up, 
in aqueous solution, into the constituents from which it has been 
obtained.^ 

When dextrose is dissolved in chlorsulphonic acid, four-sided 
prisms are deposited after some little time, consisting of the 
chloride 0^11701(80^11)40^. Milk-sugar, starch, dextrine, and 
cellulose also yield tljis compound when similarly treated. 
Oold water transforms this into the very unstable dextrose tetra- 
sulphuric acid, CqH 7(0H) (80411)40^, which forms amorphous 
salts. When the aqueous solution of this acid is warmed dextrose 
is again formed. If, however, the decomposition takes place 
at the ordinary temperature, dextrose trisulphuric acid 
is formed as a first product. Its salts are 
amorphous and have a weaker power of rotation than those of 
the tetra-compound.^ 

Acetates of Dextrose, When dextrose is boiled with acetic 
anhydride, diaeeto-dextrose, C^HjQ(C2ll30)20g, and triacetodextrose, 
CgHg(C2H30)30Q, are formed. These compounds, both of which 
are amorphous, may be separated by means of benzene, in which 
the last named is alone soluble.^ If dextrose be heated with 
anhydrous sodium acetate and acetic anhydride to lOO** octaceto- 
diglucose, Ci2Hj4(C2H30)80,^, is formed, and this crystallizes from 

' Salkowski, ZeUsch. Physiol, Chem, iii. 79 ; Fileti, Her, DevAsch, Chem, Oea, 
viii. 441. 

^ Peligot, Arm, Chem, Pharm, xxx* 79. 

® Olaesson, Prakt, Chem, [2], xx. 18. , 

^ Schtttzenberger and Naudin, Bull, Soc, Chim, xii. 264. 
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ether in cauliflower-like masses. It melts at 134** and on 
saponification yields diglucose (p. 540).^ 

By beating dextrose with glacial acetic acid to 100® for fifty 
hours, Berthelot obtained a liquid possessing an exceedingly 
bitter taste. This he supposed to be a hexacetyl compound, but 
it is, however, more probably peTUaceto-dextrose, 0 ^ 117 ( 021130 ) 50 ^. 
Hydrochloric acid decomposes it into acetic acid and dextrose. ^ 
In a similar way Berthelot has prepared ethereal compounds 
of dextrose containing other fatty acids.^ 

Acetochlorhydrose, or Aceto’cJilordextroae, C 3 H 701 ( 02 H 30 ) 403 , 
is obtained by the . action of acetyl chloride on anhydrous 
grape sugar. It forms a semi-fluid mass, which sometimes be- 
comes crystalline, and is insoluble in water.^ Cold concentrated 
nitric acid converts it into aceto-nitrose or nitroxyacetodextrose, 
C 3 H 7 (N 03 )(C 2 H 30 ) 405 , which crystallizes from a mixture of 
ether and alcohol in prisms or large tables^ 


LiEVULosE, OR Fruit Sugar, CaH^gOg. 

847 The history and modes of occurrence of this substance 
have already been given (p. 537). 

For the preparation of Isevulose the invert-sugar obtained 
when cane-sugar is heated with dilute sulphuric acid or hydro- 
chloric acid is used. This inversion proceeds only in dilute 
solutions, and the heating must not be continued too Ipng or 
by-products will be formed. According to Nicol, complete 
inversion is accomplished by dissolving 3 grama of sugar in 4 cbc. 
of water, adding 20 drops of hydrochloric acid of specific 
gravity 1 * 11 , and heating the mixture on the water-bath for 
thirty minutes.^ 

To obtain the pure invert-sugar from the product obtained by 
the action of sulphuric acid, the acid must be removed by means 
of barium carbonate ; or when hydrochloric acid has been used 
the solution is treated with silver oxide and the filtrate precipi- 
tated by sulphuretted hydrogen. 

On evaporating these solutions, the invert-sugar is left 
behind as a colourless syrup. In the dark this remains un- 
changed, but on exposure to light dextrose separates out, and in 

1 Franchimont, Ber, Deuisch, Chem, Gea. xii. 1940 ; HezfelJ, xiii. 205. 

■ Ann. Chiin. Phf/L [8], lx. 89. * CJolley, Compt. Bend, Ixx. 401. 

* Ih. IxxyL 437. * Frewniud Zeitsek. xiv. 177. 
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larger quantity the more intense the light is.^ Honey, which 
consists principally of invert-sugar, exhibits a similar behaviour. 

To prepare Isevulose from the invert-sugar the following 
plan is recommended by Dubrunfaut. Ten grams of the 
sugar are dissolved in 100 cbc. of water, cooled down by ice- 
cold water, and agitated with 6 grams of finely-divided slaked 
lime. The difiScultly soluble lime compound of Isevulose which 
is thus formed separates out, whilst the corresponding dextrose 
compound remains in solution, and this latter may easily be 
removed by repeated pressing, &c. The lime compound is 'then 
decomposed by means of oxalic acid or carbon dioxide.^ 

Another method has been given by Girard, for the details of 
which the original paper may be consulted.^ 

Pure Isevulose is also obtained from inulin, a substance 

which occurs in various plants (p. 566), or from its isomeride 
Isevulan, which is found in the molasses of beetroot sugar, by 
treating these substances with dilute sulphuric acid. 

Lsevulose remains, on concentrating its solution, as a thick syrup 
which does not deposit crystals on keeping, and indeed it was 
believed that Isevulose could not be obtained crystallized, until 
Jungfleisch and Lefranc succeeded in preparing it in this form. 
For this purpose the syrup is repeatedly treated with cold 
absolute alcohol, to remove water and certain admixtures. The 
residual syrup on being kept for some time in a cold place 
gradually deposits crystals and at last completely solidifies. This 
is then dissolved in hot alcohol when, on cooling, the greater part 
of the IsDVulose separates out as a syrup, but the mother-liquid 
yields, on further cooling, crystalline Isevulose in thin needles, 
concentrically grouped and possessing a silky lustre. Lsevulose 
may also be crystallized from aqueous solution, by bringing into 
the liquid a few of the crystals obtained as above described.* 
Crystalline Isevulose melts at 95^ it is readily soluble in water 
and dilute alcohol, and possesses a taste as sweet as that of cane- 
sugar. By the action of sodium amalgam and water it is trans- 
formed into mannite, which is identical with the mannite found 
in nature, and also with that obtained from dextrose.^ Like the 
last-named substance it reduces many metallic salts, but it 
differs from it in that Isevulose is less eai^ily fermentable on 

^ Scheibler, Jahrtah, 1868, 674. ^ Bull, Soc. ziii. 350.* 

* Ih, xxxiii. 154. ^ Comply Rend, xciii. 547. 

” Krusemanii, Ber. DeiUsch, •Chem, Qea. ix. 1465 ; and Aubin, Ann, 

Chim. Phya, [5], x. 559 ; Eng. Peligot, Compt, Rend, xc. 153. 
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addition of yeast, so that in a fermenting solution of invert-sugar 
the dextrose first disappears. Lsevulose has the power ot 
reducing copper oxide in the same proportion as dextrose, but 
the boiling must be kept up for thirty minutes (Allihn). It 
difiers, however, from dextrose, inasmuch as that when treated 
in aqueous solution with chlorine or bromine it does not yield 
gluconic acid, but is oxidised to glycolic acid. 

Wlien lsevulose is heated to 170°, it is converted into 
amorphous IcGvulosan, substance is also obtained, 

together with dextrose, when cane-sugar is heated (p. 523), and 
if to a solution of the mixture yeast be added, the grape sugar 
alone enters into fermentation, and the Isevulosan remains behind. 
On ^boiling with dilute acids Isevulosan is again converted 
into IsBvulose. 

848 Metallic Oomjpounds of Lccmlose. The most important of 
these is the calcium salt already mentioned, possessing the formula 
CgH9(Ca0H)30^. This forms acicular prisms which require 
more than 333 parts of cold water for solution. If from 12 to 
15 grams of slaked lime be shaken up with a 6 to 8 per cent, 
solution of losvulose, at 20'’ filtered quickly, and the filtrate cooled 
down to 0°, crystals are obtained of CflHii(Ca0H)03 + 2H2O ; 
these dissolve at 15® in 137 parts of water.^ 

By boiling a solution of invert-sugar with lime E. Peligot 
obtained a body which, according to him, is isomeric with cane- 
sugar, and to which he gave the name of saccharin,^ Scheibler 
has however found that this substance, which may be obtained 
from either dextrose or from laBvulose, but more easily from the 
latter, has the formula and is the anhydride or lactone 

of monobasic saccharic acid, Saccharin is also formed 

when a solution of invert-sugar is allowed to stand in contact' 
with lime for some months.^ It also occurs in the molasses of 
beet-root sugar. It dissolves readily in water, possesses a saline 
bitter taste, and crystallizes in large rhombic prisms, which melt 
at 160 — 161°, and at a higher temperature sublime with partial 
decomposition. It is dextro-rotatory, and exhibits a neutral 
reaction, but its solution becomes acid on standing for some time, 
this change taking place more quickly if the liquid be heated. 
This change is duo to the formation of saccharic acid, which 
however has not been obtained in the pure state, as it easily 

^ £ug. Peligot, Cmnpi^ Bend, xc. 153. ^ Compt, Bend, Izxxix. 918. 

* Ber, BtvJ&eh, Chem, Oes, xiii. 2212. ** Kiliani, ib, xt. 2068. 
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splits up into water and saccharin. The salts of saccharic acid 
are laevo-rotatory, and many of them crystallize well. 

If saccharin bo heated with phosphorus and hydriodic acid, it 
is reduced to saccliaron, OgHi^Og, an oily liquid boiling at 203® ; 
tliis is probably the lactone of ^-oxycaproic acid. Concentrated 
nitric acid oxidizes saccharin to the acid C^HgOg + HgO, which 
forms large rhombic crystals, possessing a pleasant sour taste 
resembling that of citric acid. This acid is monobasic, but its 
solution when neutralized with alkali, becomes acid again on 
standing or more quickly on heating, and then requires a second 
equivalent of alkali for neutralization. 

Saccharin has probably the following constitution : 


HO.CH 2 .CH{OH).CH(OH).CH.CH 2 .CO. 
Galactose, CgHigOg. 


849 The fact that milk-sugar when boiled with dilute 
sulphuric acid does not yield grape-sugar, as was sup- 
posed to be the case, but a new sugar, was shown by E. O. 
Erdmann,^ and by Pasteur,* and the latter chemist gave to this 
substance the name of lactose, which Berthelot changed to 
galactose, applying the term lactose to milk-sugar. According 
to him Bouchardat was the first to recognize the individuality 
of galactose.* Fudakowski then found that along with galactose 
another sugar is formed, and on further examination he 
recognized this to be dextrose.^ Galactose is also formed by 
boiling certain kinds of gum-arabic with dilute sulphuric 
acid.* 

In order to prepare galactose from milk-sugar, it is boiled with 
four times its quantity of water containing 5 per cent, of 
sulphuric acid for six hours, the solution neutralized witli baryta, 
and concentrated by evaporation. This solution does not yield any 
crystals even after a week’s standing, but if a few crystals of 
grape-sugar be introduced, the whole solidifies in a short time 
into a crystalline paste. This is remarkable, as the crystals 
formed are not those of dextrose but of galactose. The mass is 
then rubbed up with alcohol of 80 per cent., and the brown 
mother-liquor removed by filtration and pressing, these operations 

* Jdhreab. 1855, 673. * Compt. Bend, xlii. 347. 

® Chim, Org, ii. 249. 

* Ber^ Deut&ch, Chem, Gen. viii. 509 ; iz. 42 ; ccf. 1060. 

” Kiliaui, ih, xiii. 2304 ; zv. 34 ; Cloesson, ih, xiv. 1220. 
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being repeated until the residue is white ; this is then dissolved 
in hot 70 per cent, alcohol and recrystallized.^ 

Galactose is readily soluble in hot, but much less soluble in 
cold, water, and crystallizes in large rhombic prisms. These 
possess a taste less sweet than that of cane-sugar, and melt at 
142® — 144®. In absolute alcohol and ether galactose is 
insoluble. 

It is more strongly dextro-rotatory than dextrose, and like 
this it reduces alkaline solutions of copper, bismuth, and silver 
salts. By sodium amalgam it is transformed into dulcite,^ 
whifst it is oxidized by nitric acid to mucic acid, and by bromine 
and water to monobasic lactonic acid, This last-named 

body, which is also obtained from milk-sugar, forms a crystalline 
deliquescent mass, and its soluble salts crystallize well.® 

Calcium Lactonatc, (C6H0Oo)2Ca + VHgO, forms monoclinic 
tables.^ Its lukewarm solution dissolves lime, and on then 
heating the salt CgHgOgCa separates out. 


Arabinose, 

850 By boiling gum-arabic with dilute sulphuric acid, Biot 
and Persoz* obtained a sugar, which Berthelot thought 
was galactose.® Scheibler, however, further examined 
this gum-sugar, and stated it to be a new substance and 
termed it arabinose.^ Kiliani, on the other hand, considered 
that the sugar obtained from gum was indeed galactose.® 
Claesson explained these contradictory statements by finding 
that whilst galactose is certainly formed from such varieties 
of gum as yield mucic acid on oxidation, yet other varieties of 
gum arabic do yield arabinose.® 

Arabinose crystallizes from hot alcohol in radiating prismatic 
tufts, it melts at 160®, is more strongly dextro-rotatory than 
galactose, and is oxidized by nitric acid to oxalic acid, without 
first yielding mucic acid. 

The gum of the cherry-tree when boiled with dilute 
sulphuric acid first yields ceradnosc, which separates 

^ Soxblet, Jowrn, Prakt^ Chem, [2], zxi 262. 

. * Bouchardat, Ann, Chim, Phys, [4], xxviL 79. 

* Barth and Hlaaiwetz, Ann, Chem, Pharm, cxzii. 96. 

* Kiliani, Ber, Dmtseh, Chem, Oee, xiv. 651. 

B Boucha^at, Ann, Chim, Phys. [2] lU. 86. * Loe, eU, 

^ Ber, JOevitsch, Chem, Ges, vi. 614. • Loc, cU, 

® Loc, Kiliani, Ber, DcxUoch, Chem, Cka, xVi 34. 
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from solution in hot alcohol in very brittle and hygroscopic 
crystals, and these even at 100'’ become brown and soften. It 
passes on long standing into arabinose, the same change 
occurring when cerasinose is heated for two hours to 100*^ with 
water acidified by hydrochloric acid.^ 

Eucalyn, + HgO. 

851 This is formed together with dextrose by boiling meli- 
tose with dilute sulphuric acid, and as it does not 
enter into fermentation by contact with yeast, it "may 
be readily separated from the dextrose formed at the same 
time. V Eucalyn is a thick syrup which has only a slightly 
sweet taste. It is turned brown by alkalis and reduces alkaline 
copper solution. 

Sorbin, C^HigOg. 

852 Felouze found this substance in the juice from mountain* 
ash berries which had been collected in September, the 
liquid having been allowed to stand by itself for a year.^ 
The fresh juice of the ripe berries does not contain sorbin,® 
which is probably formed in the course of fermentation as 
a reduction product of sorbite, C^Hj^Og, (p. 492). 

Sorbin'* forms hard rhombic crystals, and possesses as sweet a 
taste as cane-sugar. It is soluble in half its weight of water, 
but is only slightly soluble in alcohol. It is coloured brown on 
heating with alkalis, and reduces an alkaline copper solution. 
Its solution does not ferment on the addition of yeast. If the 
solution be treated with chlorine and then with silver oxide 
glycollic acid is obtained.* By concentrated nitric acid it is 
oxidized to dextro-rotatory tartaric acid, racemic acid, oxalic 
acid, and aposorhic acid, CgHgO^ ; this last named acid is dibasic, 
and cystallizes in rhombic scales melting at 110'’. 

Inosite, CgH„Og + 2H2O. 

853 This substance was first found by Scheerer in the . 
fluid contained in the muscles of the heart of the ox 

^ Martin, Saccliai^s Phytoehem, UrUers, 78. 

^ Ann, Chem, Pharm, Ixzxiii. 47. 

> BpM^ Jdhreab, 1854, 664. 

^ Hlasiwetz and Habermann, Ann, Chem, Pharm, clV. 129. 

ft Dessaignes, Ann, Chem, Pharm, Suppl. ii 242. « 
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(t9i gen. 4v6^, muscle),^ and according to Sokolow and 
Panum, it does not occur in any other muscular fluid.^ It is 
however, found widely distributed in the animal kingdom, as 
for instance in the lungs, the liver, the spleen, and the kidneys 
of the ox,^ in the brain of the same,^ in the urine of man in case 
of Bright’s disease (Cloetta), and even in healthy urine after 
drinking large quantities of water.^ 

Inositc is also frequently found in the vegetable kingdom. 
Vohl discovered it first in the young French bean (Phaseolus 
vulgaris), and gave to the new saccharine substance the name 
of pJiaseomannite, and soon afterwards he recognized its identity 
with inosite.^ Marini then found it in the unripe pea, the 
lentil, and the fruit of the Bobinia (liolrinia psetidacacia),^ii the 
white cabbage, foxglove, dandelion, in asparagus, and in the 
germ buds of the potato.^ It also occurs in the grape, and 
hence, as it is not fermented by yeast, it finds its way into 
wine.^ It is likewise present in vinous liquids,^ as well as in 
the young leaves of the vine,^® and in the leaves of the ash,ii 
and of the walnut tree.^* 

To prepare inosite from the heart or the lungs of the ox, tlio 
material is finely chopped up, and exhausted with water, some 
acetic acid added, and the mixture then heated to the lulling 
point. The filtrate is treated with neutral lead acetate, filtered 
off from the precipitate formed, and then the filtrate is pre- 
cipitated by basic lead acetate, the washed precipitate decomposed 
by sulphuretted hydrogen, and the concentrated solution 
precipitated by addition of alcohol. It is prepared from 
vegetable juices by neutralizing the liquid with baryta-water, 
treating with lead acetate solution, and then proceeding as above 
described. To precipitate the substance from the concentrated . 
aqueous solution, Hilger recommends a mixture of 10 parts 
of alcohol and 1 part of ether. 

Inosite forms large transparent monoclinic crystals, which 
possess a sweet taste, and are soluble at the ordinary temperature 
in about 6 parts of water. Inosite is but slightly soluble in 

1 Dessaignes, Ann, Chem, Pharm. Ixxiii. 322. ^ Ib, Ixxxi. 876. 

’ Cloetta, Ann, Chem, Pharm, xeix. 289. ^ Muller, ib, ciii. 140. 

* Ealtz, ZeUwh, xvi. 135. 

* Ann, Chem, Pharm, xeix. 125 ; ci, 50 ; cv, 380. 

^ Ib, cxw 222. * Hilger, ib, clx. .333. 

* Ganatein and Neubauer, Per, Deuisch, Chem, Qee, vi. 1411. 

Netibauer, Freeenme* ZeUach, xii. 45. 

Gintl, Jahreeb, 1868, 800. 

“ Tanset and YillieHt. Bull, Soe, Chim, xxix. 74. 
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hot dilute alcohol, and it is insoluble in absolute alcohol and in 
ether. It effloresces in the air and becomes completely dehydrated 
at 100®. When boiled with alkalis it is not coloured brown, 
and it has no action on an alkaline copper solution. Nitric 
acid oxidizes inosite to oxalic acid. Its solution yields with 
lead acetate a gelatinous precipitate which, after drying over 
sulphuric acid, possesses the empirical formula 2 + 5 PbO 

(Cloetta). 

If inosite be evaporated almost to dryness witn addition of a 
little nitric acid, a few drops of ammoniacal calcium chloride 
solution then added, and the mixture again evaporated, a rose- 
red coloration is produced, and in this way the presence of 
0*0005* grams of inosite may be recognized. This reaction is 
not yielded by other saccharine bodies or by starch.^ If to a few 
drops of inosite one drop of a mercury nitrate solution (used in 
the estimation of urea) be added, a yellow precipitate is formed 
which on heating becomes red ; this becomes yellow again when 
cold, but reddens when re-heated.® 

Hexmtroxyinoaite, CeHj(NOg)Q. Inosite is dissolved by 
concentrated nitric acid, and on addition of sulphuric acid to 
this solution a gritty precipitate is formed which is insoluble in 
water. If this be dissolved in hot alcohol, the hexnitrate crys- 
tallizes out on cooling in rhombic tables and prisms, and these 
explode violently on percussion. The mother-liquor yields on 
evaporation fine white needles of the trinitrate, 

The formation of this hexnitrate proves that inosite is the 
alcohol of a hexad radical. 


SCYLLITE, O^HjgOg. 

854 This compound occurs in largest quantity in the kidney 
of the skate, shark {Raja iatis and clavateC), and dogfish 
{Scyllium canicula), and also of the Spinax acanthias, and it 
also occurs in the liver, milt, &c., of these cartilaginous fishes. 
It may be prepared from these sources by the method described 
for the extraction of inosite. It is less soluble in water than 
the last-named substance, and crystallizes in anhydrous mono- 
clinic prisms which have a slightly sweet taste. like inosite it 

^ Scherer, Ann, Clum, Pharm, Ixzxl. 876. 

* Clallois, Fresmius* Zeitsch, iv. 264. 

• Vohl, loc, cU, : Btr, Veutsch, Chem, Gea, vil. 106. 
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is neither coloured brown by alkalis, nor does it reduce alka- 
line copper solution, but it does not yield Scherer’s reaction 
for inosite.* 


Dambose, CcH,,0,. 

855 This glucose occurs as the monomethyl ether in caoutchouc 
from Borneo and as the dimethyl ether in that from the Gaboon, 
the native name for which is n*damho. The dambose is obtained 
from the ethers by heating them with fuming hydriodic acid. 
It is easily soluble in water, but insoluble in absolute alcohol. 
It crystallizes in six-sided prisms, which possess a sweet* taste, 
and on heating melt at 212 '’ without decomposition. It is not 
affected by boiling alkalis. With concentrated nitric, acid it 
yields an explosive nitrate, but by the hot acid it is oxidized to 
saccharic acid. 

Damlose Methyl Ether^ or Bornesitey CoHn(CH3)Og. By sub- 
jecting Borneo caoutchouc to pressure, a liquid is obtained from 
which bornesite is left on evaporation. It dissolves easily in 
water, is slightly soluble in alcohol, and crystallizes in rhombic 
prisms which have a sweet taste, and melt at 175®.* 

Damlose Dimethyl EtheVy or Dambosife, CgHiQ(CH 3 ) 20 g, is 
similarly contained in aqueous solution in raw Gaboon caoutchouc, 
and is obtained on evaporation of the liquid. It is very sweet 
in taste ; and crystallizes from hot spirit in anhydrous hexagonal 
prisms, and from water in oblique prisms, which contain three 
molecules of water. The anhydrous compound melts at 195® and 
by careful heating may be sublimed between 200 ® and 210 ® in 
long needles.® 

Metezodambosey OoHiqOq, occurs as the methyl salt, termed 
matezite, C 9 Hiy( 0 Hg) 09 , in Madagascar caoutchouc. This body 
melts at 235®, is feebly dextro-rotatory, and closely resembles 
dambose.^ 

^ Stadeler and Frerichs, Joum, Prdkt, Chem, Ixxiii. 48. 

^ Girard, Compt. Rerid, IxxiiL 426. 

* Ih, Ixvii. 820. 

^ Giraid, Lull. Soc. Chim, xxi. 210. 
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STARCH OR AMYLrUM, 

856 c Starch was known to the Greeks. They denoted this sub- 
stance by the word a^ivXoy (a, privative, and fivXo^, a millstone), 
as it is prepared as a fine flour without grinding. Dioscorides 
relates that the best kind of starch-flour is obtained from Cretan 
or Egyptian wheat, the grain being steeped in water until the 
husk is softened, after which it is kneaded and washed with 
water. The husk is then removed by sieving, and the powdery 
deposit at once placed on bricks and dried in the sun, as when 
moist it soon turns sour. Similar statements are made by Pliny, 
who adds that starch was discovered in Chios. Beccari in 1745 
proved that wheaten flour yields gluten as well as starch when 
washed. 

Starch is widely disseminated throughout the vegetable world. 
It is formed from the protoplasm contained in the chlorophyll 
cells, and is therefore found in all phanerogams, whilst it scarcely 
occurs in any of the cryptogams which do not contain chlorophyll. 
These organs, which serve as reserve material from which the 
young shoots of the plant obtain nourishment, are rich in starch, 
and hence it collects during autumn in the medullary rays of 
the wood, in tubers and roots and in many fruit and seeds. 

The solid particles of starch being the first recognizable 
products of assimilation are noticed beneath the surface of 
the green chlorophyll corpuscles.^ Each solid particle grows 
into a starch granule, which only increases in size as long as it 
is in contact with the protoplasm, and on exposure to light at 
suitable temperatures, ranging from 15'' to 25^ This formation 
of starch may be followed through the various organs and tissues 
of the plant. If leaves of certain delicate plants be covered for 

^ Sachs' Florot 1862 ; Experimental Pflanzen-physiolgie, mlSHS ; also Naegclh 
Zeiieehr,/, Wieeen, Bob, m, KtikiY, • % 
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some days, it will be seen that the starch granules have disap- 
peared ; if, then, the leaf be exposed to direct sunlight the starch 
granule makes its appearance in certain cases in about five 
minutes,^ whilst in diffused light this takes about two hours. 
This appearance of the starch granule takes place more quickly 
under the influence of the yellow rays than under those of the 
blue.* According to Schimper* it appears that in the deeper 
lying parts of plants where no green chlorophyll exists, the 
starch grains are found in connection with minute granules 
of psotoplasm termed by him starch-formers; these differ 
from chlorophyll corpuscles mainly in not possessing a green 
colour, and in having a much more delicate structure. ^-The 
starch-grain grows in part at the expense of the chlorophyll 
corpuscles and of the starch-formers, in both cases the proto- 
plasm becoming altered and diminished in quantity. It seems 
probable, however, that a series of products intervene' between 
the commencement of assimilation, the decomposition of car- 
bonic acid, and formation of starch, although the existence of 
such intermediate substances has not yet been proved. 

857 Manufacture. Starch is usually manufactured in Europe 
from wheat, maize, rice, and potatoes, and, in tropical countries, 
from the stems of the palm and from tubers of various plants. 

The oldest method of manufacturing starch is that of the 
acid fermentation. This process is in use at the present day in 
countries in which a meal-tax exists. The grain is first softened by 
steeping, and when sufficiently soft it is crushed between rollers, 
and then coarsely ground and moistened with water, after which 
it is placed in a large vat, when fermentation sets in. Acetic,, 
lactic, and butyric acids are thus formed from the sugar, and 
from a part of the starch, of the grain, whilst the gluten loses 
its tenacity so as to admit of the separation of the starch by 
washing. The mass is then washed in a revolving cylinder 
having holes in the sides, and the milky liquid allowed to settle 
in a vat, in which the starch, having settled down, is again 
washed by decantation. 

Another process consists in first softening the grain by soaking 
and then crushing it between rollers and washing out the starch, 
which, as it contains gluten, is allowed to stand until this sub- 
stance has been decomposed by fermentation. 

^ Kraus, Jahrhuhf. Wiasm. Bot. vol. vii. 

3 Sachs' ^Text^Book of Botany^ Macmillan k Co. 

* Bot. Zeitung, 1880, p. 881. 
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A third plan is to use flour which must first be kneaded to a 
dough; this, after washing on sieves and between rollers, is 
brought into a centrifugal machine, where the washing is com- 
pleted. In order to purify the starch thus obtained it is treated 
with water containing some caustic soda, and then passed through 
a sieve which retains the gluten and other impurities (O. Jones). 

Maize-starch is chiefly manufactured in England (Brown and 
Poison), and in the United States (Erkenbrecher and the 
Glen Cove Co.), the operations being identical with those de- 
scribed. Bice-starch is also prepared in a similar way, the 
separation of the gluten being facilitated by washing with 
dilute caustic soda. For the preparation of potato-starchy the 
tubers are ground to pulp and then washed on sieves or on a 
centrifugal washer. The wash-water is made sour by sulphuric 
acid, and the starch afterwards heated with water containing 
of its weight of caustic soda. Starch can also be obtained 
from horse-chestnuts in a similar way. In the East Indies, the 
Philippine Islands, &c., starch is prepared from the pith of the 
sago-palm {Sagtis Icevis, or Sagjts rhtmphii). This comes into 
the market under the name of sago (a word meaning bread). 
Arrowroot is the starch of the Maranta arundinacea and indica, 
and a few other tropical plants growing in the West Indies, 
Brazil, and the Southern States. Tapioca is derived from the 
Jatropha manihoty this, like sago, being subjected to pressure 
to give the grains a peculiar form. 

858 Properties, Starch is a white glistening powder which, 
except in the case of potato starch, which contains traces of a 
•volatile oil, is devoid of taste and smell. 

The size of starch granules varies considerably. The largest 
granules occur in potato starch and in one kind of sago from 
cauna gigarUea, and these have a diameter varying from 0*14 to 
0*185 mm. The granules of wheaten starch, on the other hand, 
are usually from 0*014 to 0*05 mm. in diameter, but the largest 
granules of wheaten starch are always larger than the smallest 
granules of potato starch. The smallest granules are those of 
beet-root and rice, which have a diameter of from 0*002 to 0*015 
mm. But whilst the size of the granule varies in every species 
of starch, each species exhibits its own peculiar form, which can 
readily be detected under the microscope. Not only is this the 
case, but adulteration and its amount can thus be ascertained. 
Thus the adulteration of the more expensive wheaten starch 
with cheaper potato starch is capable of precise measurement. 
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Starch granules have the power of polarizing light like a 
doubly refracting crystal. The granule consists of a series of 
layers arranged round a nucleus ; this stratified structure cannot 



Fig. 138.— Wheaten starch, 800 diams. Fio. 189.— Potato starch, 800 dioms. 


always bo observed in the granules, but is rendered perceptible 
by treatment with dilute alkali, or with chromic aoid. 



Fig. 140.-^t. Vincent uiowroot, Fza. 141.— St. Thomas arrowroot, 

800 diams. 800 diams. 


So long ago as 1716 Leeuvenhoek asserted that tho cell-walls 
of the granules differ from the cell-contents, and Raspail 
confirmed this assertion, believing however that the cell-oontents 
were identical with gum-arabic.^ On the oilier hand, Guibort 
^ ’ Novkv, Syitem, Org. Chim. 1833. 
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came to the conclusion that both the above possessed the same 
chemical composition, and that they only differ physically.^ 
The structure of the starch granule was then carefully examined 



Fio. 142.— Sago starch (partially Fio. 143.— llye starch, 800 diams. 

gelatinized), 800 diams. 


by Fritsche,^ and the classical researches of Naegeli ® proved that 
starch is a mixture of several isomeric compounds. The chief 
portion consists of pure amylum or granuloses the remainder 



Fig. 144.— Maize starch, 800 diams. Fio. 145.— Bice starch, 800 diams. 


(a) From the outer portion of the grain. (a) A portion of the ceUular tissue. 

(b) From the inner mealy portion. (b) Free starch grains. 

being made up of skirch cellulose or farvaose. These bodies do 
not, however, differ essentially from each other but, as will be 
* Joum. Chim, Med, y, 9. * Pogg, Ann, xxxii. 129. • Jahreikr, 1859, 644. 
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shown, are connected together by a variety of intermediate 
products.* 

When starch is brought in contact with acidified water or 
with water containing certain ferments, the granulose dissolves 
completely, whilst the starch cellulose remains behind in the 
original form of the granule. This separation requires from two 
to four days for its completion if 1 part of starch be mixed with 
40 parts of concentrated solution of common salt, containing 
1 per cent, of hydrochloric acid and the whole heated to 60°.^ 
If the granules are not broken, starch is not acted on by cold 
water, but if they be rubbed up with water a part of the 
granulose dissolves. This solution can be filtered and Ij^as a 
powerful dextro-rotatory action. The longer the treatment is 



Fia. 146.— Millet starch, 300 diams. Flu. 147.— Buckwheat starch, 300 dianm. 


continued, the greater is the portion which dissolves until, at 
length, only the cell-walls remain. 

859 When starch is heated with water the granules begin to 
swell up, and then burst with formation of starch-paste. The 
temperature at which the granules begin to swell and also that 
at which a complete transformation into paste occurs, differs 
according to the nature of the starch. As a rule, the swelling 
begins at about 60^ and is completed at from 60° to 70°. In 
the case of barley starch, however, the change begins at 87*’5 and 
is finished at 62®*5, whereas the starch from acorns does not 

^ Naegeli, Beitr&ge mr n&hmn KenrUniaa der Stdrke O^nippe. Leipzig : 
Ei^lmann, 1864. ,• 

* Sehulse, Sachsads FMstoffet Kohlenhydrata, tkc. p. 123. 
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appear to swell until and is not completely resolved into ? 
paste below 87°*5,^ v 

To produce an even starch-paste the starch is first rublM Up 
intimately with a small quantity of water to form a creamy mas| 
and then boiling water added. If this paste be treated in the ' 
cold with extract of malt, the granulose dissolves and the farinose 
remains. Soluble starch is also formed when starch-paste is 
boiled with water, and the same change takes place to a certain 
extent when the paste is allowed to stand for a long time. The 
insoluble portion is soluble in caustic potash, and when this 
alkaline solution is boiled it is resolved into soluble starch, ‘ a 
change which is also accomplished by the action upon starch, 
of acids, zinc chloride, &g. 

Soluble starch is best obtained by heating sixty grams of 
potato-starch for half an hour to 190^ with one kilogram of 
glycerine, and, when the mixture has cooled to 120®, pouring on 
to it two or three times its volume of strong alcohol, when soluble 
staitsh separates out as an amorphous white powder. This is 
soluble in water and in dilute spirit, and on drying forms a 
chalk-liko mass insoluble in water. The concentrated aqueous 
solution gelatinizes on standing for some time.’ 

The well-known iodine reaction for starch was discovered 
by Stromeyer* as well as by Colin and de Glaubry.’ Iodine 
vapour colours starch yellow or brown on the surface ; a solution 
in iodine in strong alcohol or eth^l imparts to starch scarcely 
any colour, but in presence of water it yields a violet or blue 
tint, whilst with starch-paste or soluble starch it gives a deep 
blue tint. 

According to Naegeli that portion of the granulose which 
is coloured blue by iodine is first brought into solution by dilute 
acids. This portion, which has the greatest attraction for 
iodine, is contained in largest quantity in potato-starch, and 
this always becomes coloured first. When a change is effected 
by acids, the insoluble portion assumes a violet tint. On . 
further action of acid the residue is coloured red by iodine^ and 
after a time this changes to a reddish yellow tint, the zesidue 
then consisting of starch cellulose. 

The several kinds of starch consist of varying mixtur^lf 
these different modifications. Potato-starch contains more of ^ 

^ Lippmann, J<mm, Prakt, Chem, Ixxziii. 61. ; ' - 

3 Brown and Heron, Cham, Soc, Trans, 1879, p. 596. 

’ Zulkowsky, Ber, DetUseh, Chem, Oes, 1395. 

^ Schweigg Joum, xii. 349. * 76. xiii. 453. 
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the “yellow” than of the “blue” modification and only small 
quantities of the intermediate varieties. Wheaten starch gives 
a violet coloration with iodine, as the amount of the “ blue " 
-substance present is only small, whilst a larger proportion of the 
“ red ” and “ violet ” modification is contained, but on boiling 
with water the “ blue ” substance is formed.^ 

The blue colour of starch-paste or of soluble starch disappears 
when the liquid is warmed and returns when it is cooled, so that 
the reaction is most delicate when the liquid is coldest. A 
solution containing 0.00000002 grm. of iodine is turned per-- 
ceptibly blue at 0°, but not at 13®. At the latter temperature 
the colour is first observed with O'OOOOOS of iodine, and at 30° 
0 000009 is needed. Iodide of starch is not a chemical compound, 
its formation depending on surface-attraction, like that exhibited 
by wood-charcoal for colouring matters. The decolorization on 
heating is explained by the fact that iodine is much more 
soluble in hot than in cold water, and also by the slighter degree 
of attraction exerted by the starch. Bromine imparts to starch 
a deep yellow colour. 

Starch is largely used in the arts, for laundry purposes, paper 
sizing, bookbinding, weaving and finishing calicoes, also for 
preparing the thickening for colours and mordants in calico- 
printing, for dusting the forms in metal founding, and a variety 
of other purposes. 

86o Metallic Compounds of Amylum, Thin starch-paste is 
precipitated by alkalis, alkaline earths, ammoniacal solution of 
lead acetate, &c. The compounds thus obtained have been but* 
very slightly examined. 

Ethereal Salts of Amyhim. When cold sulphuric acid acts 
upon starch flour several acid sulphates arc formed ; these yield^ 
amorphous salts.® 

Nitrates of Amylum, Braconnot, by the action of concentrated 
nitric acid on starch flour, prepared a body which he believed 
was obtained from starch without any diminution in weight. 
To this he gave the name of Xyloidine {^v\ov wood ; like)® 
because it appeared to resemble woody fibre. Liebig, however, 
showed that this body contains the elements of nitric acid^ and 
Pelouze'^ found that 100 parts of starch yield from 128 to 130 
parts of xyloidine. Analysis shows that this body consists of a 

* LUibig'a Ann. clxxiii. 218. 

* Blondeau de CarolJ«8, Ann. Chem. Phann. lii. 416 ; Fehling, ih. Iv. 13. 

* lb. yii. 245. ^ Jh. vii. 249. * Comptea Smdua^ tU. 713; xidii. 890. 

VOL. III. - O 0^' 
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mixture of the mononitrate Oi2Hjg(N03)09 and the dinitrate 
Bechamp then proved that the latter com- 
pound exists in an insoluble and a soluble modification.^ The 
first is prepared by rubbing 1 part of dry starch with 5 to 8 
parts of fuming nitric acid, and mixing the semi-fluid mass with 
from 20 to 30 parts of water. The curdy mass is then washed 
with water and dissolved in a mixture of 10 parts of glacial 
acetic acid and 1 part of an acetic acid of 69 per cent. On the 
addition of water a white powder is precipitated only soluble in 
the above-mentioned mixture of acid. To prepare the soluble 
dinitr-oxyamylum 10 to 12 parts of fuming nitric acid must 
be used, the pasty mass is then precipitated by water, washed, 
dried and dissolved in ether-alcohol. This modification also 
dissolves in glacial acetic acid, and in various other solvents, 
but not in strong spirit. Both bodies explode when heated 
to about 200®. 

Bcchamp has also prepared a tetranitrate CigHjo (NO3)4O0 in 
both a soluble and an insoluble modification. They also explode 
when heated to 273° and decompose slowly at ordinary tem- 
peratures. All these nitrates are reconverted into starch by the 
action of ferrous chloride solution in presence of some iron 
filings. 

Hexaceto-Amylum, Cj2Hi4(C2H3O2)0O4. This compound is 
formed when starch-flour is heated to 150° with acetic anhydride. 
It is a white powder insoluble in water and not coloured by iodine, 
but saponified by alkalis with formation of insoluble starch 
•which gives the iodine reaction. If the temperature to which 
the above mixture be heated rises to 160° a higher acetate is 
not formed, but the isomeride Hcmcetodextrine} 

Paramylum (CgHioOg)^. 

86i This body occurs in the infusoria Englena viridis which 
forms a green scum on the surface of the water in which it grows. 
It exists in the form of colourless granules, which dissolve in 
caustic potash and are reprecipitated unchanged on acidifying 
the solution. They are not coloured by iodine, remain unaltered 
in presence of diastase or of dilute acids, but when boiled with 
concentrated liydrochloric acid they yield a fermentable sugar.® 

^ Ann. Chim. Phys, [3], Ixiv. 311. 

® Naiidin and Schutzenberger, Cmnpt. 8l4. 

® Gottlieb, Ann, Chem, Pharm* Ixxv. 61. « * 
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THE DEXTRINES, 

862 In 1811 Vauquel in pointed out that starch can be con- 
verted by heating into a substance resembling gum arabic; about 
the same time Kirchhoff found that when starch is boiled with 
dilute sulphuric acid a crystallizable sugar is formed, and soon, 
after Vogel showed that in this latter reaction a gum-like body 
is also produced. That the gluten contained in wheaten and 
other gi’ain has the power of effecting a similar change on 
starch, and that this is brought about more quickly by malted 
grain, was also noticed by Kirchhoff in 1814. Payen and 
Persoz were the first to isolate the active principle of malt, 
and to this, in 1833, they gave the name of diastase^ as they 
believed the action of this body to be a simple separation 
of starch from the granule.^ Shortly before this, 
Biot and Persoz had examined starch gum, and had given to it 
the name of dextrine, from its dextro-rotatory power.* They 
supposed that this body, an isomeride of starch, is the first 
product of the change of this latter body to sugar, so that by 
the action of dilute acids dextrine is converted into sugar by 
the assumption of the elements of water, and this view was 
generally adopted. But in 1860 Musculus proved it to be 
incorrect, as he showed that dextrine and sugar are formed 
simultaneously. This fact was doubted until O'Sullivan* proved 
the truth of the view enunciated by Musculus, and also showed 
that the sugar which is first produced from starch is not dextrose, 
as had been believed, but maltose. According to this observer," 
the following equation represents the action when an infusion 
of malt has acted on starch paste for from five to ten minutes 
at 63*" : 

CisHjoOig + HgO = C12H22OH 4 - C 0 HjqO 5 . 

At temperatures between 64® and 70® the following change 
occurs provided the mixture be quickly cooled after complete 
fluidity occurs : 

+ H,0 = 

^ Atm. Chine. Phv».m,\m.n. • 76. [3], lii. 72. 

* Joum. Chem. Soc. 1876, ii. 12S. 
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About 95^ the diastase ceases to be active. At temperatures 
near to this the decomposition occurs as follows : 

4Ci8H3oO,5 + H 3 O = + IOCA 0 O 5 . 

The dextrine thus formed passes, on longer contact with the 
malt infusion, into maltose. 

Marker appears to have come to different conclusions con- 
cerning the nature of these changes. He found that more 
maltose and less dextrine were produced at lower temperatures 
than at higher ones.^ ^ 

Further experiments of Musculus and Gruber led to the 
supposition that the starch is first converted into a soluble 
modification containing five or six times the molecule 
and that this is converted, by assumption of water, into one 
molecule of maltose, and into crythTode.ctrine, a body coloured 
red by iodine. This is again converted, by asgurnption of water 
and elimination of maltose, into achrodextrine^ a body not 
coloured by iodine; and this in its turn is conycrted, by a 
similar set of changes, into other achrodextri^s, uutil at laist 
all is converted into maltose. Each of the', dextrines thus 
obtained is distinguished from the preceding by its specific 
rotation being less marked, whilst its cupric reducing-power in 
alkaline solution becomes stronger.^ 

Similar observations have been made by Brown and Herpn, 
who have fully examined this question. According to tl]^m 
it appears probable that the simplest formula for soluble 
starch is 10 (Ci2H2oOiq). From this molecule one molecule of 
maltose and of a-erythrodextrine are first formed; this latter 
being then split up, by absorption of water, into maltose and 
fi-eryihrodextrine. In this way the destruction of the original 
starch proceeds with formation of seven achrodextrines until, 
finally, only maltose is present.^ On the other hand, O'Sullivan * 
assumes that in the action of diastase upon starch we have not 
to do with a destruction of a complex molecule, but that both i ^ 
starch and dextrine have the molecular formula Ci 2 H 2 oOj^j, and 
that the molecules in solution are arranged in a series of mbleoylhr 
aggregates, some of which are split up by the action of diastose, 
whilst others again unite themselves to form a-dextrine, . Ac- * 
cording to the same chemist, soluble starch is prepared by 

^ Landw, Versiichatatf zxii. 69. * Bull. Sw. Chim. xxx. 54. 

* Contributions to the histoiy of starch and its transformations, Chem, Soe, 

Journ. 1879, i. 696. •• 

* On the transformation products of starch, CA<sm. Soe. Joum. 1879, i. 770. 
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heating starch paste at 73-74° C. with the least possible quantity 
of the cold-water extract of malt until the solution has become 
clear, then heating to boiling, and filtering. The solution is 
then evaporated until a skin forms, and on cooling a brilliant 
white powder separates out, which may be purified by washing 
with cold water, frequent solution in hot water, filtration, &c. 

Amylodvxtrvm is a similar body obtained by Naegeli by 
boiling “yellow** starch with water. On cooling, or preferably 
on freezing, particles having a diameter of 0*035 mm. separate 
outy These polarize light like starch, and consist of small 
needles, which may also be obtained' by adding alcohol to the 
aqueous solution. When dried over sulphuric acid they^possess 
the composition + HgO, and they lose the molecule 

of water at 100°. They are coloured yellow by iodine, but their 
solution becomes first violet and then red in contact with this 
reagent, showinj{%that two modifications exist, which can be 
separated by parftally precipitating the coloured solution by 
means of sodium acetate.^ 

From the foregoing it appears that in spite of the numerous 
investigations -.on this subject we are still in doubt as to the 
exact nature qf the various intermediate products which make 
their appearance in the change from starch to maltose. 

Commercial dextrine usually consists mainly of erythrodex- 
trine, but contains other constituents besides this as well as starch 
and sugar. It is generally prepared from potato-starch, though 
other cheap starches are used. It is prepared in various ways. 

Calcined farina or British gum, a substance largely used in 
various manufacturing processes as a cheap substitute for gum 
arabic, is obtained by heating starch to a temperature of from 
210® to 280® ; the product prepared at a low temperature is less 
coloured than that exposed to a greater heat, but the process is 
a slower one. If the starch flour be moistened with dilute acid, 
the change to dextrine takes place at from 100° to 125°. Most 
of the dextrine in the market is now made by this process, a 
mixture of nitric and hydrochloric acids being generally used, 
trough either of these or oxalic acid may be employed. In- 
fusj^ ot malt may likewise be used for the same purpose, but 
this practice is not so common. 

Dextrine is either a white or yellowish-white powder, or a 
tra^nslucent, brittle mass, easily soluble in water, yielding a clear 
mucilage, which precipitated by alcohol. This aqueous solution 
^ LUbi^s Ann. clxziii. 218. 
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is converted into maltose in presence of diastase, this change 
being also effected on boiliug with dilute acids ; but by further 
action this changes into dextrose. This latter can be reconverted 
into an achrodextrine by dissolving the dextrose in concentrated 
sulphuric acid and precipitation with a 95 per cent, alcohol, 
the dextrine separating out as a white amorphous mass readily 
soluble in water. This dextrine possesses twice the rotatory 
power of dextrose, into which it again is transformed by boiling 
with dilute sulphuric acid.^ 

When dextrine, and therefore also starch and bread, is roarted, 
a soft, amber-coloured, soluble body, termed by Reichenbach ^ 
assam(i7\ is formed. According to Gelis a brown, brittle mass 
of jftyrddextrine, C 4 gH^ 4037 , is formed under similar circumstances.® 

Sinistrine, (CgH^oOg)!!, is a body resembling dextrine, found in 
the squill {Urrjinea scilla). It is laevo-rotatory, is not coloured 
by iodine, and yields Isevulose when boiled with dilute sulphuric 
acid.^ 

lAchinine (CgHiQ 05 )n. This body, also known as moss-starch, 
occurs in Iceland-moss {Cetraria islaiidica). It is soluble in hot 
water, but separates on cooling in a gelatinous form.^ The 
lichen also contains another substance, wolichinine, soluble in 
cold water, but insoluble in alcohol ; it is distinguished from tho 
foregoing compound by being tinted blue by iodine.® 


INULIN (OoHjoOJn. 

863 In 1804 Valentine Rose ^ obtained a white powder from 
the roots of elecampane {Imda heknium), " which stands between 
starch and sugar in its properties.” To this Thomas Thomson 
gave the name of inulin, whilst its composition was ascertained 
by Mulder. This body appears to replace starch in the roots of 
many species of CompositoB, occurring in the dahlia tubers (of 
which as much as 10 per cent, by weight consists of inulin) ; in 
those of tho Jerusalem artichoke {Helianthus tuberoms) ; in 
the roots of the dandelion (Taraxacum ojffkinale) \ in chicory 
(Chicorium intybui), Inulin is also found in the fles))||[ stems 
of different species of the Cacalia and Kleinia, in the woody 

^ Musculus, Bull, Soc, Chim. xviii. 68. 

® Alin, Chtin, Phami, xlix. 1. * Ann, Chim, Phys, [3], lii. 888. 

^ Schmiedberg, JToppe-Scyler's Zeitschr, iii. 112. 

‘ Knop and Schnedermann, Ann,, Chem, Phami, Iv. 165. 

^ Berg, Jcihreab, 1873, 848. •• 

^ Gehlcn, Joum, Chem, iii. 217. * 
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stalks of Miisschia, in the herbaceous stalks of Stylidium 
mffruticomm and Selliera radicam^ 

For the preparation of inulin the tubers of dahlia are boiled out 
with water,, to which some lime is added, and the concentrated 
extract frozen. After thawing, the brown deposit is dissolved 
in hot water, the liquid again frozen, and the operation repeated 
three or four times. The concentrated mother-liquors yield 
more inulin. The powder is washed first with dilute spirit, then 
with alcohol of 93 per cent., and lastly with ether-alcohol, after 
whith it is dried in vacuum over sulphuric acid.^ 

Inulin is a snow-white powder consisting of sphsero-crystals, 
soluble in hot water, but only slightly so in cold, and insoluble 
in absolute alcohol. It is very hygroscopic, and when dried 
possesses the composition (CgHjoO Jg + HgO, or CsoHggOgi. It 
is not coloured blue by iodine ; its solution possesses l[Bvo-rota- 
tory power, and on boiling with dilute acid it is transformed 
into IjBvulose ; diastase, however, does not effect this change. 

LiEVULIN, CgHioOg. 

864 This compound, which occurs together with inulin in the 
tuber-bearing Synanthcrece, as dahlia and Jerusalem artichoke, 
was first prepared by Ville and Joulic.® It was then examined 
by Popp, who classed it as a saccharose, and termed it synan- 
throse.^ Diek and Tollens afterwards determined its exact 
composition.® 

To prepare this substance the expressed juice of the ripe 
tubers is precipitated with lead acetate, the filtrate heated with 
sulphuretted hydrogen, and the solution evaporated after neutra- 
lization with magnesia. Laovuliii is extracted from the residue' 
by boiling dilute alcohol, whilst the inulin remains insoluble. 
Laevulin is also found in the young rye grain ; it diminishes in 
qulintity as the corn becomes ripe, whilst the starch increases 
in amount.® 

Laevulin is an amorphous deliquescent body, possessing an 
insipid |p^te, and is converted on boiling with dilute acids into 
dextrose and laevulose. Its solution is optically inactive, and it 
enters slowly into fermentation in presence of yeast, being first 
decomposed into the two glucoses. 

^ Ann, Ckem, Phann, xxviii. 278, ® Kiliani, Liebig* 8 Ann. ccv. 146. 

BvM. Soe, Chim. "[S], vii. 262. * Ann, Ohem, Pharm, clvi. 181. 

^ Ib^. cxcviii. 228. ^ Miintz, Compt, Rend, Ixxxvii. 679. 
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THtidn (Ci 2 H 220 ii)n, is also an amorphous substance, possess- 
ing Isevo rotatory power and yielding laevulose on boiling with 
acid. It is found together with invert-sugar in couch grass 
{Triticum rejpens)} ^ * 


Glycogen, (CeHioOJn. 

865 This substance, sometimes called animal starch, was dis- 
covered by Claude Bernard in human liver as well asr in that of 
graminivorous animals. He gave to it the name of QnatUre 
glycoy^ne^ because, after the liver is freed from sugar by washing, a 
substance is found which yields sugar with a ferment also present 
in thediver.* Since then glycogen has been shown to exist 
very widely diffused throughout the animal kingdom, indeed it 
appears to be an essential accompaniment of cellular growth,® 
occurring in large quantity in the fuctus.* It also occurs in 
blood and muscular tissue.® Moreover it is found in mollusca ; 
thus, dried oysters are said to contain as much as 9‘5 per cent, 
of glycogen.® Tliis substance has also been detected in the 
vegetable kingdom, in moulds and other fungi.^ 

To prepare glycogen the fresh liver of an animal, slaughtered 
soon after a meal, when it is richest in glycogen, is finely cut 
up and boiled out with water, and the extract treated first with 
a solution of potassium mercury iodide and afterwards with 
hydrochloric acid, and this repeated until no further precipitate 
occurs, in order to separate out the nitrogenous materials. The 
glycogen is then precipitated by adding alcohol to the filtrate, 
the powder being washed with alcohol first of 60 per cent., then 
of 95 per cent., and lastly with ether.® As boiling water dissolves 
glycogen only slowly, it is preferable to use caustic potash 
solution, and then to treat the solution, having been neutralized 
with hydrochloric acid, as above.® The nitrogenous constituents 
can be separated by boiling with zinc chloride, when the glycogen 
remains unaltered.^® 

Glycogen is a white amorphous powder possessing, when dried 

^ H. Mnller, Jahresh, 1873, 832. 

« Jahresb. 1857, 552. 

* Hoppe-Seyler, PhysioL Chem. 1877, i. 82. 

* McDonnell, Proc, Hoy, Soc, xii. 476 ; xiii. 871. 

* Nasse, ZeiJts, Physiol, Cketn, iii. 201. 

* Bizio, ZeUschr, Chem, 1866, 222. 

^ Nature, November 1, 1883. 

^ Brucke, Jahresb, 1871, 843. 

® Witticb, ZeUsch, Anal, Chem, xiv. 227. * . 

Abeles, Zeitseh, Anal, Chem, xviL 500. * 
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over calcium chloride, the composition ^ 12 ®^ 20®10 but 

losing its water at 100®.* It dissolves in water, forming, an 
opalescent liquid, which becomes colourless on addition of acetic 
acid ; this solution is powerfully dextro-rotatory, and is coloured 
wine-red by iodine. Oh boiling with dilute hydrochloric® or 
sulphuric acid, glycogen is converted into dextrose,^ whilst, by 
contact with diastase, dextrine, maltose, and dextrose are formed, 
these bodies occurring in the liver examined after the rigor- 
mortis has occurred.® The dextrine which Limpricht found in 
horse-flesh ® was in all probability a product of decomposition of 
glycogen/ 


THE GUMS, (CeH,oO,)„. ^ 

866 The substances classed under the above head occur 
widely distributed throughout the vegetable world, but seldom 
in animal bodies. They are amorphous, insoluble in alcohol, but 
either dissolve in water or swell up when placed in this men- 
struum. They are not coloured by iodine, and when boiled 
with dilute sulphuric acid they are converted into glucoses, 

Arahin, or arahic acid, is the chief constituent of gum arabic, 
which exudes from the bark of several species of acacia growing 
in tropical countries. The finest specimens of this gum come 
frpm Egypt and Senegal, less pure varieties from Morocco and 
the Cape. Gum arabic is also imported from Australia, but the 
largest amount comes from Egypt and the Red Sea ports on the 
Arabian coast, whence its name. 

The ancient Egyptians were acquainted with this gum and 
termed it Kami, using it in painting. Theophrastus mentions 
that KOfJific is a product of a tree called aKavda, and Celsus in 
the first century terms it (jummi acantkium. The word gum 
arabic is used for the first time by Diodorus Siculus in speaking 
of the products which had to pay duty at the Roman custom- 
house in Alexandria. It was certainly shipped in early times 
from the Gulf of Aden to Arabia, where it was used as a 
medicine. 

^ Bizio, loc, dt, • KokuW, Jahreab, 1868, 670. 

^ Berthelot and Luca, Jahreah, 1869, 627. 

* Maydl. ZeUsch. Physiol, Chem. iii. 196. 

® Musculus and Mering, ibid. ii. 403. 

^ Ann. Chtni. Pham, cxxxiii. 294. 

^ Demant, ZeUseh, Physiol, Chem, iii. 200. 
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The best Cordovan or Egyptian gum comes into the 
market in the form of round or egg-shaped lumps about the 
size of a walnut. These are colourless or slightly yellow and 
cracked throughout the mass, easily breaking in irregular 
masses, having a glassy fracture. The Senegal gum is found 
in larger masses, which are less friable than gum arabic. 

Qum arabic leaves on burning a residue of about 3 to 4 per 
cent, of ash consisting of the carbonates of potassium, calcium, 
and magnesium ; these metals being contained in the gum as 
salts of arabic acid. This consists at least of two varieties, as 
solutions of the different kinds of gum deviate the ray of 
polarised light some to the right and some to the left. 

Arabic acid may be prepared from mucilage by adding hydro- 
chloric acid and precipitating vrith alcohol, dissolving this in 
water containing the same acid, and repeating this several tiihes. 
It may also be obtained by dialysing the acid solution. In the 
moist state arabic acid is a milk-white mass, having an acid 
reaction and setting free carbon dioxide from carbonates. It is 
soluble in water, but after drying it swells up in contact with 
water, dissolving again on addition of lime-water or baryta- 
water. An aqueous solution of pure arabic acid is not thrown 
down on addition of alcohol alone, but the presence of a fc/w 
drops of hydrochloric or nitric acid or of a salt solution occa- 
sions an immediate precipitate.^ Arabin dried at 100” has the 
composition C12H22O11, and at 120® it loses one molecule of 
water.*^ 

Silkworms and other insects contain gum of a similar 
character.® 

Gum arabic is used for the same purposes as dextrine, also 
in medicine to prepare pastes and syrups, and for a variety of 
purposes in the arts, for giving lustre to crape, for colours, and 
in the preparation of ink, as holding the insoluble tannate of 
iron in suspension. This last property of gum may be easily 
shown by adding sulphide of ammonium to a mixture of gum 
mucilage and a solution of sugar of lead; the black opaque 
liquid does not deposit a precipitate on standing, and is not 
decolourized on filtration. 

867 Metarabic Acid, or Cerasin, is the substance, insoluble in 
pure water but soluble in alkaline liquids, obtained by heating 
gum arabic to 100®. Cerasin occurs, together with arabin, as a 

^ Neubauer, Ann, Chow, Pharm, cii. 105. > Ooihpt, Mend, zliy. 144. 

* Ann, Chem, Pharm, czi. 20. 
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lime compound in the insoluble part in cherry-tree gum, and also 
in sugar-beet and other fleshy roots. To prepare it from beetroot 
the press-cake is broken, repeatedly extracted with alcohol, the 
solution being each time expressed and boiled with water to 
drive off the alcohol. On the addition of milk of lime, and on 
warming on the water-bath, the metarabic acid is converted 
into arabin; the filtrate is then freed from lime by carbonic 
acid, the clear liquid evaporated with acetic acid, and the arabin 
precipitated by alcohol. It is difficult thus to obtain the arabin 
free »from inorganic constituents ; to effect this a partial pre- 
cipitation by alcohol must be made, and the precipitate allowed 
to stand with the solution, and in a few weeks the whole of the 
mineral matter is found in the precipitate.^ The arabib acid 
thus prepared is more powerfully laevo-rotatory than any other 
kind of gum arabic, and is probably a pure compound. 

Lextran, or fermentahle gum, is found in unripe beetroot,® and 
it is also formed in the mucic fermentation of sugar, and in the 
lactic fermentation.^ Dextran likewise not unfrequently separ- 
ates out as a jelly-like body in the working of the beetroot- 
sugar process, and is often found in considerable quantities in 
molasses, from which it can be separated by addition of water 
and hydrochloric acid, and precipitation with alcohol (Scheiblcr). 
It is an amorphous substance, readily soluble in water, power- 
fully dextro-rotatory, and slowly yielding dextrose when boiled 
with acid. 

868 Pardbin, C12H22O11, is foun^ in carrots and beetroot, and 
in larger quantities in agar-agar, or Ceylon moss, in a seaweed 
{Gracilaria lichenoides) used in China and India for making 
soups, jellies, &c., and now seen in European markets.** The 
name gelose ® was given to tliis body by Morin and Pommbaru. ^ 
Parabin is also found in an edible alga from Swan River {Gigar- 
tina spedosa). It was formerly thought that this and other 
algae yielded the material of the celebrated Chinese birds’ nests, 
but it is now ascertained that the swallows themselves secrete 
the material of which the nests are made. 

To prepare parabin the beet press-cake is washed with water 
and spirit, then extracted with a 1 per cent, hydrochloric acid, 
and precipitated by alcohol. It is a powder which swells up to 

^ Schoibler, Ber, DmUch. Chem, Oes, vi. 612. 

- lb, Warner Jahreah, 1876, 790, 

® Briining, Ann, Chenti, Pharm, civ. 197. 

Reiykardt, Ber, Deutach, Chem, Oea, viii. 807. 

’ Com'fi,, Bffnd, xc. 924, 1081. 
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a jelly in contact with water, dissolves in dilute mineral acids, 
and is precipitated by alkalis or alcohol. It is further dis- 
tinguished from arabiii by the facts that it does not exhibit an 
acid reaction, does not decompose carbonates, and does not yield 
arabinose when boiled with dilute sulphuric acid, whilst on long 
continued warming witli alkalis it passes into arabin. 

869 TFood gum. This substance is found as mucilage largely 
diffused throughout the vegetable kingdom. After drying, this 
gum is insoluble in cold water and ammonia, but dissolves 
slowly in 50 parts of boiling water, and readily in caustic ooda. 
Its alkaline solution exhibits Isevo-rotatory power. When boiled 
with .dilute sulphuric acid, it yields a glucose possessing copper- 
reducibg power, but incapable of entering into fermentation 
with yeast. ^ 

According to Singer all varieties of woods and woody tissues 
also contain a gum which is soluble in water and resembles 
arabin.* 

Bassorin occurs in Bassora gum, which is derived from a 
variety of cactus, in Acajou gum, from Anacardiuvi ocddentale, 
and in gum tragacanth, which is obtained from various kinds of 
astralagus, the gum either exuding of itself or after excision. 

It is gathered principally in Asia Minor, Syria, Armenia, Kur- 
distan, an(I Persia, and has been known from early times. Theo- 
phrastus was acquainted with it, and Dioscorides correctly states 
that it is derived from a low thorny bush. 

Gum tragacanth occurs in commerce in yellowish-white, 
translucent, flat pieces, which usually exhibit on the surface 
rounded protuberances, and this variety is known as leaf or 
sheet gum tragacanth, whilst the so-called worm gum tragacanth 
forms more or less thick, vermicular masses. 

In addition to bassorin, it contains arabin, starch, cellular 
tissue, and the same mineral constituents as gum arabic. If it 
be steeped in water, it swells up to a gelatinous mass occupying 
many hundred times the bulk of the original substance. If it 
be allowed to increase from 1,000 to 1,200 times the bulk, and 
the liquid be poured off, the mass, on prolonged agitation with a 
large quantity of water, becomes thin and fluid, so that it will 
pass through a filter ; in this way the starch and the cellular 
tissue are kept b,ack, and each drop as it comes through forms 
a thread. When gum tragacanth is boiled with dilute alkalis 

* Thomson, Joum, PraJet. Chem. [2], xTx: 146. 

. ^ Monatech, Chem, iii. 406. 
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it forms a substance resembling gum arable, 'whilst boiling 
with dilute acids transforms it into a crystal! izable sugar. 

In early times the old Greek and Arabian physicians made 
use of gum tragacanth ; it is now employed in pharmacy, and 
in confectionery, and it is also made use of in the place of other 
gummy matters in iinishiug and calico-printing, and also used 
by shoemakers. 

According to the receipt of Gahn the so-called " Sprengkohle ” 
used for leading a crack in glass-working is prepared as follows : 
A sqjution of 2*5 parts of gum arabic in 4 parts of water is 
mixed with the mucilage got by treating 1 part of gum traga- 
canth with 8 parts of boiling water; a solution of 0*5 jarts 
gum benzoin and 0 5 parts storax is rubbed up in the smallest 
possible quantity of alcohol, and the whole is intimately mixed 
with from 6 to 7 parts of very finely powdered wood charcoal, 
and moulded into rods about 20 cm. long, and of the thickness 
of an ordinary lead-pencil. 

870 Vegetable mucilage. Parts of many plants give, on soaking 
in cold or hot water, a mucilaginous liquid According to Schmidt, 
the purified dry substance has the composition but 

Tollens and Kirchner do not find this to be the case with 
every variety of vegetable mucilage. 

Linseed mucilage is obtained, by addition of hydrochloric acid 
and precipitation with alcohol, as a pow’der which when dried 
at 100° has the above composition. On prolonged boiling with 
dilute sulphuric acid it yields a gum and a sugar, both of which 
are strongly dextro-rotatory, and 4 per cent, of a residue is left 
resembling cellulose. 

The mucilage obtained from the willow weed {Plantago 
psyllium) has the composition CggH^gOgg, and yields more sugar 
than that from linseed, and it gives 6 '3 percent, of residue. 

Quince mucilage forms, after purification with hydrochloric 
acid, alcohol, and ether, a porous mass having the formula 
C13H28O14. With water it yields a gelatinous mass, which is 
transformed, on addition of a little caustic potash solution, into 
a mucilage. On boiling with dilute sulphuric acid, it yields a 
dextro-rotatory sugar, a Isevo-rotatory gum, and 34 per cent, of 
cellulose. 

Kirchner and Tollens believe that the mucilages are com- 
pounds of cellulose or another similar body with gum, and that 
the latter, by the action of the acid, is in part converted 
^ Ann. Chem.*Pharm. li. 29. * lb. oJxxv. 205. 
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into sugar, the quantity of which is increased on prolonged 
boiling. 

Other vegetable mucilages, which, like those already de- 
scribed, are used for a variety of purposes in the arts, and 
especially in pharmacy, occur in marshmallow root {Althaea 
ojjkinalis), in salep (the roots of various orchids), in Irish- 
moss or rock-moss, a species of seaweed {Chondrus crispus)^ 
which is found on the rocky coasts of Europe from the North 
Cape to Gibraltar, and on the east coast of North America. 
It is not only used in medicine, but also for clarifying 4)eer, 
in finishing textiles, as fodder, &c. 


CELLULOSE, (CeH,,0,)n 

871 This compound occurs universally distributed throughout 
the vegetable kingdom, forming cell membrane, but it is very 
seldom found pure, inasmuch as other substances pass from the 
cells into the membrane, and there become fixed. It is built up 
from soluble carbohydrates contained in protoplasm, and, with 
the exception of the very young cellular tissue, always contains 
mineral matters. Cotton-wool, frequently washed linen, and 
Swedish filter-paper consist of almost pure cellulose ; the last- 
named may be obtained free from ash by treatment with dilute 
hydrofluoric acid.^ 

It is often of great importance in the paper manufacture, 
and for other technical purposes, to separate the cellulose from 
the raw fibre, and determine its quantity. For this purpose 
Hugo Muller recommends the following method as being the 
best. Two grams of the substance are dried at 110° — 115°;" 
if much wax or’ resin be present this is extracted by a mixture 
of benzene and strong alcohol, and then the material is boiled 
out a few times with water or very dilute ammonia. The 
substance, squeezed as dry as possible, is next digested with 
100 cbc. of water, and from 5 to 100 cbc. of bromine water 
containing 4 grams of bromine per liter. As soon as the 
colour of the bromine disappears, more bromine water is added, 
and this addition is continued until after standing for twenty- 
four hours the mixture contains free bromine. The. substance is 
then washed with water and heated with a piixture of 2 cbc. 

1 Fellenberg, Jahresh, 1854, 648. 
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of ammonia and 600 cbc. of water almost to the boiling point, 
again washed^ and this successive treatment with bromine and 
ammonia repeated until the liquid ceases to be coloured brown. 
Even straw and shavings when thus treated yield a mass of 
isolated cells resembling paper-pulp, which when washed with 
water and boiling alcohol assumes a lustrous white appearance. 

Cellulose is insoluble in the ordinary solvents, but it dissolves 
in an ammoniacal solution of cupric oxide. This reaction 
was discovered by Schweitzer, ^ and the reagent is best prepared 
by fiifst precipitating with caustic soda a solution of sulphate of 
copper to which sal-ammoniac has been added, preserving the 
precipitate under water, and, when the reagent is neteded, 
adding the hydrated cupric oxide to ammonia so long as •it dis- 
solves. The deep blue solution dissolves cotton-wool freely.* The 
mucilaginous fluid may be filtered after dilution. On addition 
of an acid, the cellulose is precipitated as a gelatinous mass 
resembling alumina, and on drying forms a homy, brownish-grey 
mass. 

Cellulose resists the action of most reagents ; thus it is not 
attacked in the cold by a mixture of potassium chlorate and 
dilute nitric acid, which soon destroys most other organic bodies. 
It is thus possible to purify crude cellulose,® though the use of 
bromine water is preferable. Chlorine or bleaching powder 
destroys it, however, after some time. For this reason paper 
sometimes becomes friable when the pulp, bleached with 
chlorine, has not been thoroughly washed. Ozone and hydrogen 
dioxide in presence of water act similarly, as indeed do certain 
metallic oxides, though in less degree. Thus the injury done 
to linen by rust stains is well known. A similar slow deteriora- 
tion in the strength of the fibre takes place in paper and cloth, 
of pure cellulose after lapse of years by the action of the air. A 
remarkable decomposition of cellulose is that caused by a fer- 
ment contained in sewage deposit, and also present, in all fertile 
soil, by which cellulose is decomposed into carbon dioxide and 
marsh gas.^ This fermentive decomposition of cellulose must 
play an important part in the destruction of woody fibre on 
those portions of the earth’s surfaces where the range of 
temperature is such as to permit its action. 

^ Jahreah, 1857, 247. ^ Njaubauer, Fresenius* ZeUsehr, xiv. 195. 

* Schulze,. 1857, 491. 

^ Iloppe-Seyler, Ber^ Dmiseli, Chem. Ges, xvi 122; H. Jappeiner, ib, xvi. 
1734. 
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872 Humus, As forming intermediate links in the chain from 
cellulose to the two products above mentioned, come the brown 
or black substances to which the name of humus has been given, 
found in vegetable mould, peat, and rotten wood. These bodies, 
or similar ones, are produced when carboliydrates are acted 
upon by mineral acids or by alkalis : they are insoluble in acids, 
but dissolve in alkalis.^ 

Hydrocellulose, When cellulo.se is brought into sulphuric acid of 
specific gravity 1*42, or into hydrochloric acid of specific gravity 
1*16, it undergoes scarcely any visible alteration, but after a.jbime 
it becomes friable, being converted into hydrocellulose, Ci2H2.20ii, 
a body likewise obtained by the action of the gaseous hydracids 
of chlorine, bromine, and iodine on cellulose. This substance 
is also formed when cellulose is moistened with any dilute 
mineral acid and then dried. It is soluble in warm potash-lye, 
and is easily oxidized, absorbing oxygen at as low a temperature 
as 50°.2 

This last reaction is employed for the purpose of removing 
the cotton fibre from mixed goods, the wool, which is unacted 
upon, being worked up for shoddy. 

Cellulose dissolves in concentrated sulphuric acid, an acid 
termed cellulose-sulphuric acid being said to be formed, though 
Fehling states that this is a mixture.® If this solution be 
diluted with water and boiled, dextrine and dextrose are formed.* 
Hence sugar, and therefore alcohol, can be prepared from rags 
or sawdust. 

873 Amyloid and Parchment Paper. Cellulose also dissolves 
in chlorsulphuric acid, the same products being formed-as 
from dextrose. If 1 part of cotton-wool be dissolved in 
a mixture of 24 parts of sulphuric acid and 6 parts of 
water, a gelatinous precipitate of amyloid is thrown down on 
addition of more water. This body forms the outer cover- 
ing of the well known parchment paper now so largely used 
in place of animal membranes.^ According to Gaine, parchment 
paper is best prepared by dipping unsized paper for a few 
seconds into a cold mixture of two volumes of sulphuric acid 

* Mulder, Ann, Chem. Pharm, xxvi. 243 ; Peligot, ih, xxx, 79 ; Stein, 

XXX. 84 ; Gregory, Ann. Chem. Pharm. Ixi. 865 ; Berzelius, Pogg. Ann. xxix. 

8 and 238 ; Lefort, Bull. 8oe. Chim, [2], viii. 373 ; Detmer, A^ner. Chem. iii. 
802 ; Th^nnrd, C(mp. Rend. Ixxxiii. 375. 

* Girard. Bull. Soc. Chim. xxvi, 190 ; xxxir. 407. * . 

^ Ann. Chem. Pharm, liii. 135. ^ Bechfimp, tft. c. 367. • 

® Ferwer, Jahresb. 1861, 933. 



ETHEREAL SALTS OP CELLULOSE. 


677 


and one volume of water, and then washing first with water^ 
then with dilute ammonia, and lastly, again with water.i Parch- 
ment paper can also be made by dipping paper into a 
concentrated solution of zinc chloride,^ 

Amyloid, like starch, is coloured blue by iodine, but the 
colour disappears soon by the action of water. A reagent by 
which the cellulose of plants is coloured blue consists of a solu- 
tion of zinc chloride, of specific gravity 1*8, to 100 cbc. of which 
six grams of potassium iodide and as much iodine as will dis- 
solve has been added. Cellulose is distinguished from starch 
by its solubility in Schweitzer's reagent in which starch does not 
.dissolve. Silk also dissolves in the above-named reagent and 
also in an ammoniacal solution of nickel oxide, which docs not 
act upon cellulose, but this latter body is not attacked by dilute 
.acids, which easily dissolve both wool and silk. If a piece of 
* mixed goods is moistened with dilute hydrochloric acid and then 
allowed to dry, the woollen and silk fibres are not attacked, 
whereas the cotton-thread is disintegrated. Cotton-wool heated 
with concentrated potash to IGO® dissolves, and the solution on 
acidulation yields a precipitate which possesses the composition 
of cellulose, but is readily soluble in alkalies. Concentrated 
caustic-lye also acts in the cold on cotton-wool, contracting and 
•thickening the fibres. If caustic sodorlye of a strength not 
less than specific gravity 1*342 be xised, a compound 
^12®10^10 “1“ NaOl|, is formed, and caustic potash yields a 
similar compound; both these are decomposed by carbon 
dioxide.® > ^ 


Ethereal Salts of Cellulose. 

874 Nitrates of Cellulose or Qun-Coiton, Pelouze was the first to 
observe, in 1838, that when concentrated nitric acid is allowed to 
act upon starch-fiour, paper, linen, or cotton-wool, the cellulose 
is converted into an explosive substance which he supposed to be 
identical with Bi'aconnot’s xyloidin, and this view was generally 
accepted until Schonbein, in 1846, announced his discovery of 
an explosive cotton which could be used instead of gunpowder, 
and which was analysed by Walter Crum.* Schonbein kept his 
process secret, but it was soon discovered by*Bottger and Otto, 

^ 1858, 668. ^ V^tLyXov^Joum, Soc, 

* Gladstone, Chenu^c. Journ, y. 17. * Phil, Meug, [3]. xxix. 426. 

VOL. III. P P* 
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and published by the last-named chemist, 'who prepared gun- 
cotton by dipping cotton-'wool into the strongest nitric acid and 
"washing the product with water. The publication of the process 
led many chemists and a still larger number of amateurs to 
experiment with this remarkable substance.^ 

Manufacture, Knop showed that a mixture of sulphuric and 
nitric acids answered better than the latter acid alone, and the new 
explosive was manufactured on a large scale, but the results were 
not satisfactory, inasmuch as the product could not be kept for 
any length of time, and decomposed sometimes slowly and some- 
times so rapidly as to give rise to violent explosions. Thus, on 
July J7, 1848, a frightful explosion of 16,000 kilos, of gun-cotton 
took place at Bouchet in France, walls of one metro in thick- 
ness being pulverised and heavy objects projected to great 
distances, 2 whilst similar explosions occurred at Faversham and 
other places. The manufacture of gun-cotton w^as, in consequence, 
almost entirely abandoned, and few had tlic temerity to believe 
that it had a future as an explosive. Of these few one was 
the Austrian artillery general, von Lenk, and another. Sir 
Frederick Abel, chemist to the English War Office. It is to 
the perseverance and ability of these two gentlemen, who worked 
independently of one another, that we owe the discovery of a 
process by which a perfectly unalterable gun-cotton of con- 
stant composition can be prepared, and a powerful explosive is 
obtained which is far less dangerous to handle than gunpowder. 

In the first place, the cotton-wool must be thoroughly freed 
from fatty or waxy matter by treatment with alkali. Lenk 
dips the loosely-spun cotton yarn into a boiling dilute solution 
of carbonate of potash, washes well with water, and dries. Then 
he brings it into 300 times its weight of a mixture of 1 part of 
nitric acid of specific gravity 1*485 and 3 parts of sulphuric 
acid of specific gravity 1*84, allows it to remain in for a few 
minutes, then takes it out, presses it, and throws it into another 
similar mixture of acids, where it is altowed to remain for forty- 
eight hours. It is then squeezed out and well washed in running 
water, dipped into a boiling solution of carbonate of potash, and 
again washed with water.® Further important improvements 

^ For the literature of the subject see Schbnbein, “On the Discovery of Gun- 
cotton,” Phil, Mag. [3], xxxi. 7 ; vUi&o Jakresb, 1847 and 1849, p. 1128 ; Joum, 
Pralct. Chem, xl. 193 ; Pogg, Ann. Ixx. 320. 

^ Comptes Rend, xxviii. 845. 

^ “ Report on the Application of Gun-cotton to Warlik^ Purposes, Aeaoe. 

Reports^ 1803, p. 1 ; and on p. 8, ” System of Manufacture of Gun-cotton ao 
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in the manufacture of gun-cotton were made by Abel. His 
process consists in bringing the purified, well-dried, unspun 
cotton-wool into a mixture of 10 parts of a mixture of 1 
part of nitric acid of specific gravity 1*5 and 3 parts sulphuric 
acid of specific gravity 1 ’ 85 , and leaving it twenty-four hours 
in contact with the acid. After washing, the wool is placed in 
a washing engine, such as is used in paper manufacture, and 
the pulped and washed mass pressed into cylinders.^ 

875 Properties, The formula for gun-cotton thus prepared 
is Ci2Hi4(N03)gOio, or a hexnitrate of cellulose. This was 
first ascertained by Walter Crum.^ The gun-cotton prepared 
from raw cotton is scarcely to be distinguished from this 
latter substance in appearance, though it has rather a 
rougher touch ; it becomes powerfully electric on rubbing, 
crackling and phosphorescing, and emitting sparks in the dark. 
It does not yield the reaction for amyloid with iodine, and is 
insoluble in Schweitzer’s reagent. On ignition it burns very 
rapidly, and, unlike powder, leaves no residue. Abels gun- 
cotton may be burnt on the hand without scorching the skin, 
and when placed on some gunpowder it may be fired without 
igniting the powder. Lenk’s cotton does not burn so quietly, 
and when pressed or tightly spun it burns more slowly. Abel s 
compressed gun-cotton burns quietly nn ignition with a large 
flame. It remains unaltered in contact with water, and as it is 
not explosive when wet, it can be preserved or worked in this 
state without danger. A gun-cotton cartridge, well moistened 
throughout its mass, may have a hole bored through it with a 
red-hot iron with as little danger as a piece of wood. ,To prove 
the harmless nature of wet gun-cotton the War Department made 
the following experiment : Two massive erections of stone were 
built, and in each of these was placed a ton of the moist com- 
pressed gun-cotton on iron plates; the buildings were filled 
with combustible materials, which were then fired. After 
lapse of a couple of hours the fire had burnt out, the two iron 
plates were found to be bent by the heat, but no explosion 
whatever occurred, for the gun-cotton, having been gradually 
dried, burnt quietly. 

carried on in the Imperial Austrian Establishment,*’ by F. A. Abel, Brit, Assoc. 
Beports, 1863. 

^ Chem. News, xxiv. 241 ; sec also Abel, Chem. News, ix. 254, 268> 284 ; and 
Abel, ** Contributions to the History of Implosive Agents," Trans, 1866, 
269 ; 1867, 181 ; 1869, 189 ; 1874, 337. « Phil, Mag. [3], xxx. 426. 

P P* 2 
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Gun-cotton explodes on percussion, and the more readily the 
more it has been previously compressed, but the explosion is 
much more violent when it is induced by a detonation of ful- 
minating mercury. To give an idea of the force of such an 
explosion it may be sufficient to state that 120 grams (4 ounces) 
of compressed gun-cotton fired with a detonating fuse (Abel's) 
against an ordinary steel railway rail breahs it to pieces. Certain 
of the old martello towers built on the south coast near Rye, with 
walls 2 to 3’7 metres thick, were utterly destroyed by exploding 
200 pounds of gun-cotton as described. Abel has proved, by n^ieans 
of a chronoscope, that the rate of propagation of the detonation 
in the interior of a mass of compressed gun-cotton takes place 
at the'rate of 6,200 to 5,900 metres per second. Moist gun- 
cotton may be made to explode, even more violently than the 
dry material. For this purpose a hole is bored in the centre of 
the moist cartridge, and tliis filled with dry gun-cotton, and in 
the centre of this is placed a fulminating fuse. Gun-cotton is 
largely used for filling torpedoes, but it is not so much employed 
for shells, as, owing to the fact that it burns without smoke, the 
spot at which the shell bursts cannot be seen at a distance ; nor 
has it been largely applied for gunnery purposes in place of 
gunpowder. It is, however, to use the expression of the Royal 
Commission which was appointed to investigate the subject, 
a powerful, reliable, safe, portable, and convenient explosive, 
especially valuable for submarine operations. 

Gun-cotton is also useful in the laboratory for filtering solu- 
tions of potassium permanganate or other strongly oxidizing 
liquids. . ^ 

The products of combustion of gun-cotton, as is the case 
with those of gunpowder, differ both in quality and quantity 
according to the conditions under which it is fired. They con- 
sist of nitrogen, nitric oxide, carbon monoxide, carbon dioxide, 
marsh gas and other hydrocarbons, and aqueous vapour, but 
when ignited under pressure they contain no nitric oxide, but 
free hydrogen is present.^ Cyanogen and^hydrocyanic acid have 
alsp been detected.^ This last product occurs together with 
nitrogen trioxide only when the gtin-cotton is burnt slowly under 
diminished pressure (Abel): 

Although properly prepared gun-cotton may be preserved for 

' ' V. Karolyif Pogg, Ann. cxviii. 544 ; Abel, Proc. Roy, Soc. xiU. 204. 

* Pori'ett and Tescbcmachcr, 3£em. Chem. Soc, iii. 258 ; Fordoa and Gelis. Cwnp, 
Rend, xiii. 082. • * 
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years both in the dry and in the moist state without under- 
going deterioration, the material, if containing even a trace of 
free acid, decomposes on standing with a greater or less degree 
of rapidity, red nitrous fumes and carbon dioxide being given 
off, and formic and oxalic acids, together with other products, 
being produced.^ Large masses of insufficiently washed gun- 
cotton when stored may evolve heat enough on decomposition 
to bring about an explosion. Such an explosion occurred at 
Stowmarket in 1871 , and on investigation it was asceilained 
that some of the stock of gun-cotton contained acid, owing either 
to insufficient washing or to the felonious addition of acid to 
the properly washed gun-cotton. 

876 Collodion, Soon after the discovery of gun-cotton, Messrs 
Maynard and Begelow, as well as MM. Menard and Domonte,^ 
observed that this body, prepared by a certain process, dissolves 
in a mixture of alcohol and ether, and it was not long before 
this solution was employed in America for a variety of purposes. 
It was then proved that the hexnitrate is insoluble in the above 
reagents, whilst the lower nitrates dissolve. These latter are 
obtained by allowing the acid to act on the cotton fibre for a 
shorter time, and by the above-mentioned reaction may be 
separated from the hexnitrate, which is insoluble in a mixture 
of ether and alcohol, methyl alcohol, glacial acetic acid, and ethyl 
acetate, but forms a jelly with acetone, and dissolves in a large 
volume of this liquid.* 

When cotton-w^ool is treated with mixed acids only for a few 
minutes, the tetranitrate, Ci2Hjg(NO3)4Oi0, and the trinitrate^ 
^12^17(^03)3^10* formed, the action of somewhat less con- 
centrated acids for a longer period producing the same result. 
These compounds dissolve in a mixture of alcohol and ether, in ’ 
methyl alcohol, and in acetic ether. The trinitrate also dissolves 
slowly in absolute alcohol) whilst the tetranitrate does not ; it is, 
however, not possible in this way to effect a complete separation 
of the two compounds (Eder). 

Cellulose DinUrate, Ci2Hig(N03)20i3, is formed as the first 
product of Uie action of the hot dilute mixture of acids upon 
cotton-wool, or as the last product of the action of caustic potash 
or ammonia on the alcoholic and ethereal solution of the higher 

^ Hofmano, Jmr. Soc, xiii. 76, 282 ; Bonet,. Comp. Hcrul. liii. 405 ; 

Luca, i6. liii. 298. Compt. HctuI, xxiv. 390. 

’ Mer, Ber, Dcuisch. Oes. xiii. 169, where an account of the litcratuio 

of the subject from 186^ is to be found. 
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nitrates. It is a ilocculent powder or a transparent .gum-like 
mass, easily soluble in the above-named solvents with the ex- 
ception of pure ether. It also dissolves in caustic potash-lye, 
but this solution readily undergoes decomposition with produc- 
tion of a brown, gummy mass, the mononitrate not being formed. 
According to Girard, hydrocellulose yields a very explosive 
hexnitrate, soluble in ether-alcohol. 

The application of the sensitised collodion film to photographic 
purposes was made by Scott Archer, with whom Dr. Hugh 
Diamond was associated in 1851. 

The following is the method of making pyroxyline prescribed 
by Hardwich, who was the first to thoroughly investigate the 
manufacture of pyroxyline fit for the manufacture of collodion : 
A mixture of 

500 cbc. of sulphuric acid, sp. gr. 1’842 
166*6 cbc. of nitric acid, sp. gr. 1*456 
145*7 cbc. of water 

is made by mixing the nitric acid and water, and afterwards 
adding the sulphuric acid. The temperature is then allowed to 
cool to 65®, and a dozen balls of cleaned and dried cotton-wool, 
each weighing about 1*5 gram, separately immersed in the 
liquid, and, after thoroughly soaking, allowed to remain at the 
bottom of the vessel. This immersion should be rapidly carried 
out, otherwise decomposition may take place, and the whole of 
the cotton may dissolve with the evolution of nitrous fumes. 
The balls must be left in the acid from ten minutes to a quarter 
of an. hour, and they are then ready for washing, which must be 
completely done, best in running water. Several other formulae 
have been given for the preparation of pyroxyline, and many 
recipes for making collodion, difiering in the relative quantity 
of alcohol and ether used as a solvent. Hardwich uses 12 
to 14 grams of pyroxyline, and 450 cbc. of alcohol, specific 
gravity 0*82, and 550 cbc. of ether, specific gravity 0*725.^ 

The chief use of collodion is for preparing sensitive photo- 
graphic films, but it is also used in surgery, for making small 
balloons, &c. 

All the nitrates of cellulose give up nitric acid when treated 
with alkalis, and concentrated sulphuric acid displaces the nitric 
acid almost completely even in the cold. The nitrates are also 
converted into cellulose by the action of reducing ag^ents such as 
^ For further information consult Abney's Treatise on jit^tography^ Longmans. 
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ferrous acetate, potassium hydrosulpbide, or a solution of 
stannous oxide in caustic soda. The same change occurs when 
the nitrate is boiled with ferrous sulphate and hydrochloric acid, 
the whole of the nitrogen escaping as nitric oxide, air being 
excluded, and this reaction can be used as a ready means of 
determining the amount of nitration of a pyroxylin (Eder). 

Ci2Hi4(N03)flOio + 30 HC 1 + 30 FeSO, = 

C12H20O10 + I2II2O + 6 NO + lOFe^CSOJa + SFe^Cl,. 

Acetates of Cellulose, When filter-paper or cotton-wool is 
heated to 180 ** with six to eight times its weight of acetic 
anhydride, cellulose hexacetate, C2oHi^(C2H302)gOio, is formed ; 
this compound separating out as a white, flocculent mass on 
addition of water. It is soluble in glacial acetic acid, being 
precipitated by alkalis as structureless cellulose. If a smaller 
amount of acetic anhydride is employed, lower acetates are 
formed. 


Woody Fibre or Lignin. 

877 During the processes of plant-growth certain of the cell 
membranes retain their primitive composition, whilst others 
undergo a change known as lignification. The tissue thus 
becomes hard, woody, and less tough, but does not lose its 
power of permeability to liquids. The substance thus formed, 
termed lignin, has not yet been obtained in the pure state.^ 
It forms about half the weight of ordinary wood, and as we 
know the composition of wood, and can ascertain the relative 
amounts of cellulose and lignin which wood contains, it is 
possible to arrive at the composition of lignin. Schulze has 
proposed the formula Ci9H240iq,^ but Sachsse gives the formula 
C18H24O10 ® As wood does not give, like cellulose, the amyloid 
reaction, and does not dissolve in Schweitzer’s solution, it has 
been assumed that the cellulose and lignin are combined 
together in the woody fibre, and for this supposed compound the 
name of lignose has been proposed. 

According to Erdmann, pine-wood {Pinus ahie^) consists of 
glucolignosCy 03^1146021, which can be obtained pure by extracting 
the finely rasped wood with very dilute acetic acid, hot water, 

^ Payen, Compt, Rend, viii. 51 ; xlviii. 210. 

a Ckcm. C&ntralhL 1857, 321. 

* Chem, Farhetoffe, KohUnhydmtc, &c. 
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alcohol, and ether. The yellowish-white residue yields traces 
of cellulose when treated with cupric-oxide-ammonia. When 
boiled with dilute hydrochloric acid, grape sugar is formed and 
glucolignose remains. 

®30^i6®21 d" 2H2O — CigHggOii + 2 CqHj2^6* 

Glucolignose docs not dissolve in Schweitzer's reagent, but, 
when boiled with very dilute nitric acid, cellulose is formed, 
together with* other bodies not yet investigated, but which 
probably belong to the aromatic series.^ Hence Erdmann con- 
siders glucolignose to be an ether of lignose containing together 
with the cellulose group a sugar-forming and an aromatic group. 
Bente has confirmed the above composition for pine-wood, and 
shown that the same^ substance exists in the wood of the poplar, 
but differs from Erdmann as to the proportion of grape-sugar 
formed.^ Singer, who has also investigated this subject, has 
arrived at the conclusion that lignin is a mixture of various 
compounds.^ Jute fibre has been subjected to careful examina- 
tion by Bevan and Cross,^ who have shown that, together with 
about 70 to 72 per cent, of cellulose, it contains a considerable 
quantity of an incrusting substance belonging to the aromatic 
series of compounds. Runge observed many years ago that pine- 
wood was stained yellow by aniline in presence of an acid, and 
Hofmann found that salts of other amido-bases act in a similar 
way. Wiesner next pointed out that the process of lignification 
can be detected by this reaction, and that aniline sulphate, now 
generally used in micro-chemical work, serves best for. this 
purpose. A more delicate reagent for lignified tissue, accord- 
ingly to Wiesner, is phloro-glucin, CgH^Og, a compound which 
frequently occurs in the vegetable kingdom, and which gives rise 
to an intense red colour when the tissue is moistened with a 
5 per cent, solution and afterwards with hydrochloric acid.® If 
phenol, CgHgO, be employed instead of phloro-glucin, the 
lignified tissue becomes bluish-green or bright blue on exposure 
to sunlight, and especially when dried.® According to Singer, 
all these colorations are produced by aromatic substances 
contained in the wood. 

^ Julius Eadmonn, Ann, Chem, Phami^ Suppl. v. 228. 

^ Ber, DeutaeJb, Chem, Oes, viii. 476. 

3 MonaUch. d, Chem, iii. 395. 

* Chemical News, xlii. 77, 91 ; xliv. 64 ; Jmm, Chem, Soe, 1883, i. 18. 

® Dingier, Polyt, Joum, ccxxvii. 397. _ . 

« V. Hdhnel, Bitzungsh, Wien, Akad, W1i 39. 
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878 Cork or C%Uimlar Substances. The process of cuticulariza- 
tion takes place on the outer cells or those lying near the 
surface, which thus become more elastic and more difficultly 
penetrated by gases, as well as water and other lic^uids. Cork is, 
formed by the continued formation of such cells, and is found 
in largest quantities in the outer bark of the Quercus s^ibery the 
cork tree growing to the height of thirty or forty feet in the 
south of Europe, Africa, and the East. In addition to this 
modified form of cellulose which constitutes * the greatest 
part of the cork, a waxy and resinous mass termed suberine 
is present which can be dissolved out by alcohol and ether, and 
which can be obtained in the crystalline form.^ Analysis shows 
that this substance belongs to the aromatic series, but it has 
not been more closely examined. Cork contains more carbon 
and more hydrogen than lignin, and in addition some nitrogen. 
On oxidation with nitric acid, cork yields oxalic, suberic, and 
azelaic acids. In order to make corks air-tight, it is usual to 
plunge them, after drying, into melted paraffin, and thus treated 
they resist the action of chlorine and acids more perfectly. 

The following words of Liebig point out the value of cork 
to the chemist: 2 "What precious properties are conbined in 
cork ! How little can any but chemists appreciate its value 
and recognize its good qualities. Wc might rack our brains 
in vain in the hope of replacing cork, as the ordinary means 
of closing bottles, by any other substance whatever. Let us 
imagine a soft, highly elastic mass which Nature herself has 
inpregnated with a matter having properties resembling wax, 
tallow, resin, yet dissimilar to all these and termed suberine. 
This renders it perfectly impermeable to fluids and even 
to gases.” 


The Technical Uses of Cellulose. 

879 The most important uses of cellulose in the arts and 
manufactures are for spinning and weaving and for paper 
making. Cotton-wool has been employed from the earliest 
times for the manufacture of textile fabrics in all those countries 
in both hemispheres where the cotton plant is indigenous, and 
at the present time the cotton plant is largely grown through- 
out the world in a zone limited to thirty-six degrees of 

^ Chevreul, Ann. Chem. zevi. 170 ; Popping, Ann, Chem, Pharrn. zlv. 290 ; 
Siebert, Joum. Pra^h, Chem. civ. 1181. 

^ Familiar Letters of Chemistry^ p. 124. 
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north and of south latitude. The cotton plant of commercial 
importance is of two typical kinds, the Indian or Oriental 
(flossypium herbacmm), and the American or Occidental 
((r. hariadence and O, hirsutuin)^ The cultivated cotton is 
naturally perennial, or has become so. The cotton is contained 
in the pod or boll, which is filled with a mass of fine fibre 
surrounding the seeds. The value of the cotton depends on the 
length of its staple, as well as on its silky nature. The Sea 
Island cotton has a staple which is 40‘5 mms. in length, and 
•025 mm. in width, while the Bengal or Surat cotton is only 
18 mms. in length, and *019 mm. in width. Cotton fibre consists 
of a long, hollow, cylindrical, perfectly-closed cell, thickest at 
the root end, where attached to the seed, and tapering off at 
the other end. This regular form is but seldom seen under the 
microscope, the cells usually presenting the appearance of 
irregularly twisted ribbon with thick rounded edges, as shown in 
Fig. 148. This form is retained in the manufactured thread, 
and hence cotton cloth is distinguished from that made from 
other fibres by its loose woolly stnicture, this imparting to 
it the property of being a bad conductor of heat, as well as 
giving it an opaque character. Figs. 150 and 151 show a 
cross section of the fibre after drying. Cotton can be more 
readily dy^ than most vegetable fibre, and hence its use as 
a basis of printed goods. This property, according to Walter 
Crum, depends upon its peculiar structure. In order that cotton 
shall take up colour, the latter must be soluble, and pass by 
diffusion into the interior of the cell, where it is rendered 
insoluble by chemical means. Unripe cotton fibre frequently 
contained in the wool cannot be dyed, and is therefore termed 
“ dead cotton.” These defective fibres are very thin and trans- 
parent, and solid throughout the mass. Figs. 149 and 152.^ 
The dyeing power of the cotton fibre is increased after treatment 
with concentrated caustic soda, the alkali combining with the 
cellulose, the effect being to shrink the fibre, as shown in Fig. 
153. This process, termed from its inventor mercerizing, has 
not been much employed owing to its cost.^ 

Raw cotton, even when quite white, contains a small quantity 
of other materials than cellulose. These, according to Schunck, 
are characteristic of the plant, and among tfiem are found a wax, 
solid fatty acids, pectic acid, albuminoid substances and colouring 

^ Phil, Mag. 8rd Series, vol. xxxv. 334. 

* Mercer, British Assoc, Rep. 1861^ 157. 
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matters^ one of which is easily soluble, and the other only 
slightly soluble in alcohol. Coloured cotton, as that of Nankin, 
contains the same constituents in larger quantity.^ 



Fio. 148. Fig. 149. 


Flax and Hemp , — ^After cotton the most important fibres are 
fiax and hemp. Flax fibre (Linum usitatissimum) was used as a 



Fio. 150. 


material for textiles in the earliest times, as may be seen from 
the Egyptian mummy cloths, which do not contain a single 



Fio. 161. 


fibre of cotton. .Some of these being so fine that twenty metres 
^ Mcmoirt Manehest, Phil, Lit, Soc, 1868. 
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of thread weigh only one gramme,^ and a hundred hanks go to the 
pound, the cloth having 140 threads in the inch in the warp, 
and about 64 in the woof. Both flax and hemp plants {GannaMs 
mtiva) must be subjected to a process of “ retting,” or modified 
fermentation or rotting, and this is accomplished by ‘‘water 
retting/' or “dew retting” or “ snow rotting.” In all cases the 
fermentation takes place, this having for its purpose the 
decomposition of the intercellular mass, so as to enable the fibre 
to be separated by mechanical means. Many plans have been 
proposed to avoid this tedious rotting process, but none a? yet 
have been successful, though a maceration in warm water has 
been adopted in some works, as reducing the time of fermenta- 
tion. 'So long ago as the year 1678 Leuwenhock showed that 
cotton fibre could be easily distinguished from that of flax 
(Fig. 154) under the microscope, as the latter consists of cylindri- 
cal fibres open at each end, containing knots. Hemp (Fig. 155) 
has a similar structure, the fibre, however, being thicker. 



Fig. 1,52. Fig. 153. 


Jute. Jtite is the fibre of two species of CorchoruSy viz. 
capmlaris and olitoriits, growing in India, and especially in 
Bengal, and only recently imported into European markets, 
though it appears to have been used from early times in India 
as well as in Egypt and Syria. The jute fibre possesses a silky 
lustre, can be easily dyed, but is not so strong as flax. Con- 
siderable advances have lately been made both in its manufacture 
and its dyeing, and finishing the jute cloth. The fibres can now 
be divided so finely that it is capable of being mixed with silk, 
though the main use of jute is in making bags, sacks, and other 
rougher articles. Jute fibre is coloured a deeper yellow by 
aniline sulphate than any other fibre. 

Manilla Hemp. This is the fibre of the Mum textiliSy or the 
wild plantain growing in the Philippine Islands, Borneo, Java, 
and other tropical coiiiiti-ies. This plant, which is the non-edible 
banana, does not flourish in all hot countries, though the edible 
banana grows luxuriously throughout the tropics. The leaf- 

^ James Thompson, On the Mummy Cloth of Egypt, with some Observations 
of the Manufactures of the Ancients,’* Phil, Moa, 1884, 855 : also Ann, Chem. 
Pharm, Ixix. 128. 
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stalks of the plant are used for the preparation of the fibre, 
3,200 trees producing about one ton. Manilla hemp is almost 
exclusively used for rope making, as the fibre is much stronger 
and lighter than ordinary hemp. 

Bleaching, Yarn as well as woven cloth has always a greyish 
colour, and is obliged to be bleached before it can be used for 
many purposes. This process was formerly carried on in bleach 
greens, the ozonized atmospheric oxygen produced by the action 
of the sunlight being the active agent. Bleaching powder is now 
usually employed for this purpose on the large scale ^ for cotton 



Fig. 154. Fio. 155. 


goods, though linen is still chiefly bleached on tlie green. (For 
a description of the theory of bleaching and of the manufacture 
of bleaching powder, see Vol. I. p. 266, Vol. II. Part I. p. 200.) 

Paper Making. 

88o With the fall of the Boman Empire and the consequent 
decline of European civilization, the use of Egyptian papyrus, 

^ See art. “Bleaching,” Spon’s Enwychp, of Inidwtnal Arts, by Hummel ; see 
likewise an article oxx^tlio materials used in textile induatries, by Hugo Milllcr, 
Ber. Entwieklung. Vhem. IndiixL vol. ii. 81 . 


590 


CARBOHYDRATES. 


which was employed as a writing material, diminished, and the 
manufacture, which had been chiefly carried on at Alexandria, 
soon ceased. 

For preparing the material, the pith of the Papyrus anti- 
guorum, a bulrush growing on the Nile, was cut into thin 
plates, laid lengthways alongside one another, with their edges 
touching, while another layer was laid across at right angles. 
On moistening with warm water and pressing, the films were 
made to adhere, and the layers became a compact sheet. At 
the present day paper from papyrus is made as a curiosity in 
Syracuse, where the manufacture was originally introduced by 
the Saracens. 

Paper-making of a more perfect kind was, however, carried 
on by the Chinese some centuries before our era, the bark of a 
mulberry-tree (Broussonetia papyrif era) being employed for this 
purpose. Other barks, cotton fibres, and various kinds of 
straw were a!so used, and after about a century, old linen and 
cotton rags were employed, as paper-making materials. The 
knowledge of the art of .paper-inaking spread from China west- 
ward to the then flourishing towns of Samarcand and Bokhara, 
and after the Moliammedan conquests of Central Asia, paper 
was known in all the countries which they overran, and also in 
the Byzantine Empire and Southern Spain, whilst the Crusaders 
introduced it into the rest of Europe. The Arabians manufac- 
tured paper entirely from raw cotton, but this appears to have 
been of such bad quality that in 1221 the Emperor Fre- 
derick II. ordered all deeds to be written on parchment, and 
those whicli had been written on paper to be copied on parch- 
ment within two years. In process of time the discovery was 
made that linen rags yield a much stronger and more perma- 
nent paper, so that this material has since this time been chiefly 
used for paper-making. But in the eighteenth century this 
material could not be obtained in sufficient quantity to keep 
pace with the demand for paper, and hence attempts were made 
to obtain a convenient substitute. It appears to have been 
forgotten that in China a number of vegetable fibres had long 
ago been used for paper-making, and it was not until the 
beginning of the present century that Matthias Koops ^ suc- 
ceeded in manufacturing a paper from straw and wood, which, 
though it possessed a yellow colour, was strong and of a very 

' InwTvtwn of Paper : an Historical Account of Suhstcobccs which Ibavc been 
Used to Describe Events and Convey Ideas^ London, 1800. ^ 
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permanent character.^ The preliminary treatment which straw 
fibre has to undergo before it can be made into white paper, is, 

' however, of an expensive character, and the demand for paper 
increasing enormously, the manufacturers sought for a material 
which could be more easily worked up than straw. This was 
found in the esparto-grass {Mdcrochloa tenacissima), which 
grows wild over large tracts on the coast of Spain, and on the 
north coast of Africa from Mogador to Egypt. Though this 
material was used from the earliest times by the natives 
for the manufacture of ropes, mats, &c., and is even mentioned 
by the Boman writers under the name of spartium, it has 
only been introduced within recent years into England, where 
it is now very largely used for paper making. The lofig thin 
leaves of this plant yield from forty-seven to fifty per cent, 
of their weight in paper, and in order to purify the fibre, 
these are boiled, generally under pressure, with a two per 
cent, soda lye, and, after washing, manufactured according 
to the ordinary methods. The fibre of esparto-grass is very 
opaque, standing in this respect next to the cotton fibre, and it 
yields a paper specially well suited for printing fine woodcuts. 
It is, however, usual to mix the esparto-pulp with a certain 
quantity of pulp from cotton or linen rags, or straw. 

Wood pulp is largely employed in paper-making. For this 
purpose a certain length of fibre must be preserved, and hence 
the wood is rubbed up into a fine pulp. Wood paper is some- 
what brittle, and never perfectly white. The presence of 
lignified tissue can readily be detected by the sulphate of 
aniline test (see p. 584). Instead of disintegrating the wood 
by mechanical means, chemical agents are frequently employed 
for obtaining the cellulose, sawdust or shavings being heated ' 
under considerable pressure with caustic soda. In this way 
a soft mass of cellulose is obtained, which, when further 
disintegrated, yields a valuable pulp. Several other methods 
have been proposed for converting wood or straw into paper 
pulp. One of these consists in macerating the disintegrated 
material for twelve hours with dilute milk of lime, and then 
saturating the mixture with sulphur dioxide gas, under a pres- 
sure of from four to five atmospheres ; after next washing the 
pulp for two hours with water, it is treated under pressure with 

^ Acciim's System cf Theoretical and Practical Ckemiatry, published by the 
Author in 1803, was printed onpajicr made from straw, which at the present time 
is in as good conditioifVs the day it was printed. 
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a three per cent, solution of calcium chloride, or with one con- 
taining 0*5 per cent, of aluminium sulphate, and these again 
removed by washing. In paper-making from rags the first 
operation is that of cutting, eifected either by hand or machine. 
The rags are then passed through a machine termed the devil, 
or thrasher, by which the rags are still further disintegrated. 
They are then boiled with caustic alkali to remove any grease 
they may contain, and afterwards passed through the washing 
and rag engine, termed a Hollander, because it was invented by 
the Dutch. This engine contains a rotating cylinder, making 
about 230 revolutions per minute, and is filled with water and 
the rags, fresh water being constantly brought in and the dirty 
water escaping. All the engines through which the rags pass 
up to this state are termed breakers, and the pulp is known as 
half stuff. The next process is that of bleaching, which is 
effected either by chlorine gas or by bleaching powder, or by 
both of these agents combined. 

After the pulp has been bleached by either of these methods 
the chlorine must be removed by careful washing, the apparatus 
employed being called a beating-engine. AlS the complete 
removal of chlorine by mere washing is a tedious process, the 
addition to the bleached pulp of a so-called anti~chlor is often 
resorted to. The commonest forms of anti-chlor are sodium 
thiosulphate (hyposulphite of soda of the •shops), and sodium 
sulphite, both these bodies are oxidized to sulphates by free 
chlorine (Vol. II. Part II. p. 118). The pulp is then ready 
to be brought on to the paper-machine.^ 

Japanese paper ^ distinguished by its peculiar tenacity, is 
manufactured from the long fibres of the bark of the paper 
mulberry-tree, whilst the so-called rice-paper of the Chinese 
is not prepared from rice, but from the snow-white pith of 
Araliapapyrifera, a small shrub only found now in the marshy 
forests of Formosa* 

88x The technical uses of wood are generally so well known as 
scarcely to require enumeration. In chemical technology it is 
employed for the preparation of wood spirit, pyroligneous acid, 
&c., by subjecting it to dry distillation in retorts, when wood- 
charcoal is left and gases evolved, whilst the water containing 
the above-named substances distils over with wood-tar. The 
composition of the latter varies with the kind of wood employed. 

^ For a complete account of processes of paper-makiqg, see Carl Hofmann, 
l^adical Treatise on Paper-rmhing, Philadelphia, 1873. ^ ' 
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Thus, beech-wood tar is distinguished by the amount of creosote, 
a mixture of phenol and its methyl ethers, substances belonging 
to the aromatic series, which it yields, whilst birch-wood tar 
possesses a peculiar smell, and is used in the preparation of 
Biissian leather. The use of wood in the preparation of wood- 
spirit and of oxalic acid have already been mentioned. 

Preservation of Wood. Whilst pure cellulose is a very stable 
body, wood, when placed in moist earth, moulders or rots, on 
account of its containing nitrogenous constituents, which give 
rise to minute organisms favouring the process of decay. In 
early times surface carbonization was found to exert a protective 
influence, and this was long made use of ; but at the beginning 
of this century numerous proposals were made to prevent the 
rotting of the wood by means of chemical antiseptics. In 1821 
Davy and Knowles proposed the use of corrosive sublimate for 
this purpose, and this suggestion was successfully carried out by 
Kyan in 1832. Railway-sleepers are now impregnated with 
heavy tar-oils, or with zinc chloride, as a means of preventing 
decay. For this purpose the dried sleepers are heated in air- 
tight boilers, from which the air is pumped out, and then the 
antiseptic liquid is allowed to flow in, by which means a perfect 
impregnation of the wood by the liquid is effected.^ 


TUNICIN (CflHio05)n. 

882 This substance, also known as vegetable cellulose, is found 
in the mantle of ascidia.^ In order to prepare it, the mantle 
is heated in a Papin’s digester, then treated for some time with 
hydrochloric acid, and, after washing with water, boiled for somcf 
days with strong caustic potash, and then washed, first with 
water and finally with alcohol.® 

Tunicin retains the outward form of the mantle, and is a thin 
translucent mass. Like cellulose, it gives the amyloid reaction, 
and dissolves in Schweitzer’s reagent. 

Ooncentlrated nitric acid converts it into an explosive nitrate, 
but it remains unaltered after boiling for some weeks with 

^ For a complete account of the chemical and technical properties and uses of 
vegetable fibres, see Hugo Muller’s article in the second volume of Hofmann’s 
Berickt iiber FwtsekritU der chemischen Iruiustrie. 

^ 0. Schmidt, Ann, Chem, Pharm, Iviii. 318; Lowig and K511iker, Joum, 
Pfakt, Chem, xxxvii. 439. 

* Schafer, Ann, Chem, Phwrm, clz. 812. 

VOL. ni. * Q Q* 
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dilute acids. It dissolves, however, in concentrated sulphuric 
acid, and this solution boiled with water gives dextrose.^ Schmidt 
considers tunicin to be identical with vegetable cellulose, but 
according to Berthelot, who gave to it its name, tunicin is dis- 
tinguishable by the fact that it withstands the action of acids 
more completely, and that it is not coloured by fluoride of boron 
in the cold, whilst cellulose is turned black.^ Schafer, however, 
is of Schmidt’s opinion, whilst Berthelot adheres to his own.® 
According to Luca, the skin of the silk-worm,^ as well as that 
of the snake,® contains cellulose, convertible on boiling with 
dilute sulphuric acid into glucose ; and Virchow ® found a similar 
cellulose-like body in the human brain and in the diseased 
spleen. . 


PECTOUS SUBSTANCES. 

883 If the juice of ripe fruit, such as apples and pears, or that 
of fleshy roots, such as carrots, beets, &c., be boiled in order to 
remove albuminoid substances, and if then alcohol be added to 
the liquid, a gelatinous substance is precipitated, which can also 
be obtained from the bark of trees. This body, to which 
Braconnot^ gave the name of pectin (^97^769, curdled), as 
well as the compounds, some of which are acid bodies, which 
are readily formed from it, have been examined by other 
chemists, especially by Chodnew ® and Frdmy.^ These chemists, 
however, have not obtained concordant results, as the former 
gives for pectin the formula C28H^2^24> whilst Fr^my gives 
According to the latter chemist, an insoluble com- 
pound termed pectose occurs in fleshy roots and unripe frait, 
and imparts to them their hardness, and this in the process 
of ripening, or on boiling with acids, is convertlsd into pectin. 
According to Stade, pectose is a lime compound of pectin.*® 
Other gelatinous bodies are formed by the action of alkalis, 
the last product of which, according to Fr(^my, is metapectic 
acid, a body which can easily be obtained by 

treating the root with milk of lime.^^ Scheibler,' however, 
finds that this body is identical with arabic acid, being formed 

^ Franchimont, Ber, DeiUsch, Chcm, Qta. zii. 1938. 

' Am. Chim, Phy9. [3], Ivi. 140. » Bull, Soc, Chim, [2], zviii. 9. 

^ Jahresh. 1861, 721. » Ibid. 1863, 651. ® Ibid. 1853, 592. 

^ Ann, Chim, Phya. 1. 376. ® Ann. Chem. Pharm. li. 355. 

® Ann. Chim,, Phya. [3], xxiv. 9. Ann. Chtm. Pharm, czzzL 244. 

Compt. Rend, xlix. 561. • , 
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from the metarabin contained in beetroot.^ It is, however, 
probably formed from the parabin which Beichardt found to 
exist in beetroot, and which probably is one of the pectous 
substances described by Frdmy. Hence it would appear that the 
latter body must be placed amongst the gums. 


DIBASIC ACIDS, CeHioOg. 

684 Saccharic Acid. This name was first applied by Scheele * 
to an acid which he obtained by the oxidation of cane-sugar with 
nitric acid, and which ho aftorwards found to be ordinary 
oxalic acid. In 1785 he observed that, together with this, 
another acid occurred, which he considered to be malic acid. 
In 1830 Trommsdorflf pointed out that this is not the case,® and 
Guerin Varry, who arrived at the same conclusion, termed the 
new acid ** acidc oxaUiydrigicel* as in his opinion it might be 
regarded as a compound of oxalic acid and hydrogen.^ Erdmann 
considered it to be an isomeride of tartaric acid, and therefore 
termed it metatartaric acid,® whilst Hess, in 1837, correctly 
determined its constitution and gave to it Scheele s original name 
of saccharic acid.® It was afterwards further examined by 
Thaulow,^ Liebig,® and Heintz.® It is produced by the action 
of nitric acid, not only upon sugar, but also upon mannite, 
dextrose, laevulose, trehalose, melizitose, dextrin, Isovulin, starch, 
and milk-sugar. The last named yields at the same time the 
isomeric mucic acid. 

For the preparation of saccharic acid 2 parts of sugar are 
heated with 7 parts of nitric acid of specific gravity 1 *27 until, 
an evolution of gas sets in, whereupon the mixture is allowed to 
cool down to 60"* and maintained at this temperature until it 
begins to turn brown. The solution is next slightly diluted 
with water and removed from the separated oxalic acid ; it is 
then neutralized with potassium carbonate, and acetic acid added 
until the liquid smells strongly of the acid. On standing for 
some weeks, or it may be months, crystals of the acid potassium 
salt separate out. From the mother-liquor a further crop of 

^ Ber. Deutsch. Chem. Oea, vi. 612. “ Opnac. ii. 203. 

• Ann. Pharm. xxx. 36. * Ann. Pharm. xxx. 24. 

® Joum. PraJet. Cham. ix. 267. ® Ann. Pharm. xxvi. 1 ; xxx. 302. 

^ Ih. xxvii. 113. ® lb. xxx. 313 ; xxxiii. 117 ; cxiii. 4. 

® Jmm. Prakt. Cham. Ixxiv. 474 ; Ixxvi. 246 ; Ixxxi. 134. 

. Q Q* 2 • 
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the crystals is obtained on evaporation, but these are mixed 
with potassium oxalate. To remove the latter the mixed salts 
are dissolved in warm water containing acetic acid, the solution 
precipitated with calcium chloride, the filtrate supersaturated 
with ammonia, and then evaporated. The calcium salt thus 
obtained is next transformed into the acid potassium salt, and 
this is purified by recrystallization. This is then converted into 
the normal salt and the solution precipitated by a salt of 
cadmium. The well- washed precipitate is decomposed by 
sulphuretted hydrogen, and the filtrate evaporated on the water- 
bath. The residue on drying in a vacuum over sulphuric acid 
forms a brittle amorphous mass, which becomes sticky in the air. 
It is readily soluble in water and alcohol and possesses a strongly 
acid taste. On further oxidation with nitric acid it yields first 
tartaric acid together with a smaller quantity of racemic acid 
(Hornemann) : 


CH(0H).CH(0H).C02H 

I + 2 O 2 = 

CH(0H).CH(0H).C02H 


CH(0H).C02H 

CH(OH).CO.,H 


-f 200, + 2 H 2 O. 


Saccharic acid reduces ammoniacal silver solution with deposi- 
tion of a metallic mirror. When heated with phosphorus and 
hydriodic acid to 140*’ — 150° it yields adipic acid 0^118(00211)2, 
together with other products. 

Saccharates. The normal alkali salts are deliquescent, whilst 
the acid salts are but slightly soluble in water and crystallize 
well. Acid Potassium Sacckarate, OgHj^KOg, forms rhombic 
crystals, soluble at 7° in 89 parts of water." Normal Calcium 
Saccharate, CgHgOaOg + HgO, forms a flocculent precipitate, 
which from hot water crystallizes in rhombic microscopic prisms ; 
these are scarcely soluble in boiling water, but dissolve readily 
in a solution of the free acid. Normal Cadmium Saecharaie, 
CgHgCdOg, separates from a cold solution in flocculsB which are 
difficult to wash ; whilst from a boiling solution of the potassium 
salt it is precipitated by cadmium sulphate in the form of miscro- 
scopic needles. Lead Saccharate, CgHgPbOg, is obtained ajs a 
curdy precipitate when sugar of lead is added to a boiling solution 
of the potassium salt containing acetic acid. the precipitation 
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be effected in neutral solution, the hydrogen of the vrhole of 
the hydroxyl is replaced by lead, and the salt CgH^PbjOg is 
obtained, and this was formerly considered to indicate that 
saccharic acid was hexabasic. 

Ethyl Saccka.r(ite, CgHg(C2H5)20g. When hydrochloric acid is 
passed into a mixture of calcium saccharate and alcohol, rhombic 
prisms of the compound 20gHa(C2H5)20g + CaClg are formed, 
and these are decomposed by boiling water with formation of 
alcohol and saccharic acid. If, however, they be dissolved in a 
small quantity of cold water, the solution precipitated with 
sodium sulphate and alcohol, and then evaporated in a vacuum, 
ethyl saccharate remains behind. This may be extracted with 
a mixture of alcohol and ether, and on evaporating the^solution 
the compound remains as a crystalline mass possessing a bitter 
taste. If the calcium chloride compound be treated in the 
cold with acetyl chloride, the acetate, CgH^(C2H30)4(C2H5)208, is 
obtained, and this crystallizes from hot alcohol in tables which 
melt at 61V 

Saccharamide, C4H4(OH)4(CO.NH2)2, is an amorphous powder, 
obtained by passing ammonia into an ethereal solution of ethyl 
saccharate. It is soluble in water, and on boiling its solution 
is transformed into ammonium saccharate. 


Mueic Acid. 

885 This compound, which is isomeric with saccharic acid, 
was first prepared in 1780 by Scheele, who obtained it together 
with oxalic acid by the action of nitric acid on milk-sugar. 
In 1785 he found that this acid, which he termed acidunx 
saccharilactis or acidum galactosa<xharinum, may also be obtained 
from gum tragacanth, whilst Four^roy and Vauquelin pointed 
out that it may likewise be obtained from other kinds of gums 
and mucilages, and hence they termed it acide nnAiqvma^^ which 
name was afterwards changed to o/Adt mucique. In addition to 
the above compounds, it is also obtained by the oxidation of 
dulcite, melitosc, and galactose, which, as we know, is formed 
together with dextrose by the action of acids on milk-sugar ; 
this latter being, therefore, the only carbohydrate which yields 
at the same time both mucic and saccharic acids. 

\ ^altzer, Ann, Chem. Pharm. cx'ix. 241. 
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Mucic acid was first more closely examined by Malaguti ^ aud^ 
by Pelouze and Liebig.* 

For its preparation, 1 part of milk-sugar and 4 parts of 
common nitric acid are warmed together, when a violent evolu- 
tion of red vapours takes place. When this has ceased, the 
mixture is boiled for a short time, and, after cooling, the separated 
mucic acid is filtered off. A further quantity is obtained from 
the mother-liquor on evaporation.* 

Mucic acid forms a pulverulent crystalline powder, consisting 
of oblique rhombic prisms. It is difficultly soluble in cold, but 
dissolves more readily in hot water, and it is insoluble in alcohol. 
On further oxidation with nitric acid it is first converted into 
racemic, acid (Hornemann), and on heating with phosphors and 
hydriodic acid it forms some adipic acid.* 

Mvjcates. These salts are distinguished from the saccharates by 
the fact that their normal alkali salts are less soluble in water 
tlian the corresponding acid salts, which crystallize well. The 
salts of the other metals are cither insoluble or slightly soluble. 
They have been examined by Malaguti, Hagen, and Johnson. 
When mucic acid is boiled with sugar of lead, the salt, 
CgH^PbgOg, is formed. 

Ethyl MucatCj CflHg(C2H,i)20g, was obtained by Malaguti by 
warming together 1 part of mucic acid and 4 parts of sulphuric 
acid until the liquid began to blacken, and then, after standing 
twelve hours, adding 4 parts of alcohol of specific gravity 0'814. 
The crystals which separated after standing for twenty-four hours 
were then purified by recrystallization. Ethyl mucate is not formed 
by the action of hydrochloric acid on a mixture of mucic acid and 
alcohol (Limpricht). It crystallizes in four-sided prisms, which 
melt at 158'’ with decomposition, and is readily soluble in boil- 
ing water and alcohol. It dissolves at 20® in 44 parts of Water^ 
whilst at 15®’5 it requires for solution 166 parts of alcobol of 
specific gravity 0’814. 

When heated with acetyl chloride to 100®, the acetate^ 
0eH4(C2Hg0)4(C2H5)208, is formed, and this crystallizes from 
boiling alcohol in needles, which melt at 177®.® 

Ethyl Mude Add, CgH2(C2Hg)08, is obtained by the decom- 
position of the impure normal salt (Malaguti), or when the pure 

^ Ann, Chim. Phys, [2], lx. 195 ; IziiL 131. 

* Ann, Pharm, xix. 268 ; xxvi. 160 ; cxiii. 1. 

’ Schwanert, ib, cxvi, 265 ; see also Limpricht, ib, clxv. 253. 

^ Onim-Brown, Ann, Ckem, Pharm, exxv. 19. 

5 Werigo, Ann, Chem, Pharm^ cxxix. 196. 
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v^mpound is boiled with water (Limpricht). It is readily 
soluble in water and alcohol, and crystallizes in lustrous needles, 
containing three molecules of water of crystallization, which 
melt below 100° to a glassy hygroscopic mass. 

ilucamide, C4TI^(OH)4(CO.NH2)2, is produced by the action 
of ammonia on the ethyl salt. It is somewhat soluble in boil- 
ing water, and crystallizes from this solution in microscopic 
rhombic pyramids or tables, which do not dissolve either in 
alchhol or ether.* 

SS6 Paramucic JLcid was obtained by Laugier by evaporating 
a solution of mucic acid in boiling water.® In order to purify it 
the residue is dissolved in alcohol and allowed to evaporate spon- 
taneou^y.® It forms crystalline crusts composed of rectangular 
tables. Its taste is more strongly acid than that of mucic acid, 
and it also dissolves more readily in water than the latter acid. 
It is again converted into mucic acid when it is attempted to re- 
crystallize it from hot water. The salts of paramucic acid (with 
the exception of the normal ammonium salt) dissolve more 
readily in water than those of mucic acid, into which latter 
they are converted on boiling with water. 

When mucic acid is treated with phosphorus pentachloride 
the following reaction takes place : * 

G4H4(0H)4(C0.0H)2 + 6PCI5 = 

C4H2Cl2(COCl)2 + 6POCI3 -f 8HC1. 

The same chloride is also formed in a corresponding way from 
acid potassium saccharate.^ From its solution in carbon disul- 
phide it separates in large crystals.® It is decomposed by water 
with formation of Mormuconic acid, C4H2Cl2(OO.OH)2, and from* 
boiling water this latter acid crystallizes in long white needles. 
On healing with alcoholic potash it is decomposed with forma- 
tion of oxalic and acetic acids (Limpricht). 

By the action of sodium amalgam and water it is trans- 
formed into hydromuconic add, 04113(00211)2, which crystallizes 
from hot water in long needles, melting at 195®. If, how- 
ever, an excess of sodium amalgam be employed, adipic acid 

1 Malagiiti, CompU Bend, zxii. 854. 

Ann, Chim, Izzii. 81. 

^ Malagati, Ann, Chim, Phys, Iz. 197. 

* fii^S'BoTdat, Ann, Chem, Pharm, c. 325 ; Bode, ih, czxxii. 95. 

Dell, Ber, D&dsch, Chem, Qea, zii. 1274 ; De la Motte, ib, xii. 1571. 

; Wichelbaus, Ann, Chem, Pharm, czxxv. 250. 



600 


DIBASIC ACIDa 


C4H8(C02H)2, is produced. Hydromuconic acid uaites with 
bromine to form dibromadipic acid, C4H8Br2(C02H)2, which 
crystallizes in needles, and by the action of silver oxide on the 
hot aqueous solution of the last-named acid, it is transformed 
into muconic acid, CgH^O^. This is a monobasic acid, and it 
forms large crystals which exhibit numerous faces, and probably 
belong to the monoclinic system. It melts at a little above 
100°, and on boiling with baryta-water decomposes into acetic 
acid, succinic acid, carbon dioxide, and another acid which has 
not been further examined. 

Muconic acid is monobasic and homologous with aconic acid. 
From, its products of decomposition it may be assumed that its 
constitution is probably the following : 


CO 


o 


\ 


\CH ^ 


C.CH2.CH2.C0,H. 


887 Behydromucic Acid, C4H20(C02H)2, is formed in smaller 
quantity, together with pyromucio acid, C4H30(002H), by the 
dry distillation of mucic acid.^ A better yield is obtained by 
heating mucic acid with hydrochloric acid,* or with hydrobromic 
acid.® Aecording to Klinkhardt it may be prepared in largest 
quantity when equal parts of mucic acid, fuming hydrochloric 
acid, and concentrated hydrobromic acid are heated together, for 
eight hours to 150°. In this reaction other products are also 
formed, amongst which are carbon dioxide and diphenylene 
oxide, CigHgO, a compound belonging to the aromatic group : 

4C8H13O8 = CeHA + C^gHgO + 6CO2 + I4H2O. 

Dehydfomucic acid dissolves but slightly in cold water ; it is 
more readily soluble in hot water, and crystallizes from this 
solution in lustrous needles or lamiusB, which may be sublimed 
by careful heating. If, however, the acid be quickly heated, it 
decomposes into carbon dioxide and pyromucic acid. When its 
aqueous solution is shaken up with bromine water, it is trans- 
formed into fumaric acid, carbon dioxide being evolved : 

C5H4O3 + 3H2O -f SBrg = C4H4O4 + 2CO2 + 6HBr. 

^ Klinkhardt, Jmm, Prakt, Chem, [2], xxv. 41. * 

* ^ Heinzelmann, Lieh. Ann, cxciii. 187. • . 

* Seelig, Ber. Dcutsch, Chem, Ocs, xii. 1081. 
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It is a strong dibasic acid, forming salts 'which crystallize well. 
It is a characteristic reaction that its aqueous solution on 
addition of ferric chloride quickly solidifies to a transparent 
gelatinous mass. 

By the action of sodium amalgam and water it yields two iso- 
meric acids, C 4 H 40 (C 02 H) 2 , wliich may be separated from one 
another by taking advantage of the different solubilities of their 
barium salts. • The one of these acids crystallizes in thin 
tablets, which are easily soluble in water and alcohol, and melt 
at 144°. The other acid forms large hard crystals, which contain 
one molecule of water, this being given oft‘ on beating. The 
anhydrous acid melts at 173° (Seelig) * 
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888 Fiirfurol, or Furfuraldehyde, C 4 H 3 O.COH, was first p/e- 
pared by Dobereiner, who obtained it, together with formic acid, 
by the distillation of sugar with dilute sulphuric acid and 
manganese dioxide, and he termed it artificial oil of ants.^ 

Stenhouse then found that this compound is also produced 
when flour or sawdust is distilled with dilute sulphuric acid, 
and he ascertained its composition.® It was observed by Fownes 
that this substance may be got in largest quantity from bran, 
and on this account he termed the oily liquid, furfurol {furfur, 
bran, and oleum, oil).* 

It is also formed when bran is distilled with a concentrated 
solution of zinc chloride,^ or when, in the preparation of 
garancin, madder is boiled with dilute sulphuric acid.® Further, 
it is produced, together with other products, when wood is 
heated with water to 198®.® It is found in fusel oil,^ in the 
distillation -products of sugar and of wood,® being present in 
especially large quantity if the latter be not heated above 200 ®. 

Freparaiion, Furfurol is best obtained from bran, which 
contains a peculiar substance giving elasticity to the husk of 
the grain.® This is soluble in potash lye and in boiling dilute 
sulphuric acid; and in the latter solution it is at first trans- 
formed into a saccharine substance, which on distillation yields 
furfurol.^® 

To prepare furfurol, one part of bran is mixed with an equal 
quantity of sulphuric acid and three parts of water, and dis- 
tilled until three parts have passed over. The distillate is 

* Sehweigg, Journ, Ixim 868. ® Phil, Mag, xviii. 122 ; xxxvii. 226. 

* Phil, 2'rana, llB45, 253. * Babo, Ann, Chem, Phann, Ixxxv. 100. 

® Stenhouse, ih. clvi. 1 97. 

* Greville Williams, Chem, News, xxvi. 231, 293. 

7 Forster, Per, DetUsch, Chem, Oes. xv. 230 ; Jorissnn, ib, 574. 

® Vblckel, Ann, Chem, Pharm, Ixxxv. 65 ; Ixxxvi. 66. 

® Heill, Per. DeuJtsch, Chem, Gee, x. 936. 

Gudkow, Zeitseh, Chem, 1870, 360. 
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neutralized with carbonate of soda, and after addition of common 
salt, one half of the liquid is distilled off, and then rectihed, in 
which operation the furfurol passes over first mixed with water. 
To purify the product, it is treated with very dilute sulphuric 
acid, and from time to time potassium dichromate is added in 
very small quantities; it is then dried over calcium chloride 
and after this distilled.^ The yield amounts to about three per 
cent, of the bran taken. 

Furfurol is an oily liquid which has a smell resembling at the 
same time both bitter almond oil, and oil of cinnamon, but less 
pleasant than these, whilst in taste it resembles the last-named 
oil. It boils at 161® and has a specific gravity at 13®’5 of 
1*1636. It is soluble in 12 parts of water, and dissolves jreadily 
in alcohol. When exposed to the air it darkens in colour and 
finally is transformed into a tarry mass. Like other aldehydes 
it unites with acid sodium sulphite, forming a compound which 
crystallizes in scales.^ Silver oxide oxidizes it to pyromucic 
acid,^ which latter is also formed, together with furfuryl alcohol, 
by the action of alcoholic potash on furfurol : ^ 

2C,HA + KOH = C,H3K03 + 0,HA. 

889 Furfuryl Alcohol, C4H3O.CH2.OH, which is also formed 
by the action of sodium amalgam and water on furfurol,® has not 
yet been prepared in the pure state, as on heating, it for the 
most part loses water and is changed to a resinous mass, this 
transformation also occurring when it is attempted to distil it in 
a vacuum or in a current of hydrogen. On keeping, it passes 
into a pasty mass, whilst acids at once transform it into a red 
resinous body 

Furfuramide, (C4H80.CH)3N2, is formed by the action of 
aqueous ammonia on furfurol, and for its preparation the’ 
aqueous distillate obtained in making furfurol may conveniently 
be employed. It is insoluble in cold water and crystallizes 
from alcohol in thin needles, which melt at 117®. When treated 
with acids, it decomposes into ammonia and furfurol. 

Furfurin is an isomeride of furfuramide and is obtained by 
adding the latte/ body to a boiling solution of caustic potash,® 
or by heating it alone to 110® — 120®.’^ 

^ Stenlioiise, Ann, Chem, Pha/rm, cM. 198. 

* Sohwanert, Awn, Chem. Pharm, cxvi. 258, * Schwanert, ih, 267. 

* Ulrich, Zeitack, Ch&m, 1861, 186 ; Limpricht, Ann, Chem, Pharm, clxv. 279. 

® Beilstein and Schmclz, Ann, Chem, Pharm, Suppl. iii. 275. 

® Fownes, Phil, Trpma, 1846, 263 ; Ann, Ch&m, Pharm, 55. 

^ Bcrtagiiiiii, ib, Ixxxviii. 128. 
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To purify the product it is dissolved in a boiling solution of 
an excess of oxalic acid, in order to obtain the acid oxalate 
which is difficultly soluble in cold water. The boiling solution 
of this salt is then decolorized with animal charcoal and after- 
wards decomposed by ammonia. Furfurin dissolves in 4,800 
parts of cold, and in 135 parts of boiling water, crystallizing 
out on cooling in small rhombic prisms which melt at 116°.^ 
It dissolves readily in alcohol and ether, possesses an alkaline 
reaction, and is a monacid base whose salts crystallize well.^ 
When heated with ethyl iodide it yields ethyl furfurin^ 
Ci5Hii(C2Hg)N203, which, when the resulting iodide is de- 
composed with silver oxide and the solution evaporated, 
remains behind as a syrup.^ W^hen furfurin is warmed 
with acetic anhydride it is transformed into acetyl furfurin, 
which forms a crystalline mass insoluble 
in water, and not attacked by either ethyl iodide or nitrogen 
trioxidc (R. Schiflf). 

By mixing very dilute solutions of furfuriu sulphate and 
potassium nitrite, nitrosofurfimn, Ci5Hii(NO)N203, is obtained, 
which yields crystals melting at 112°.* 

Furfurin is an imido-base, and is probably produced from 
furfuramide in the following way ; 


QH3O.CHZN 


\ 


C.HaO.CHZN^ 




0,HsO.C(NH)v^ 

C.HjO.CCNH)/" 


CH-C^HsO. 


According to this formula it would contain two imido-groups, 
whilst its derivates only indicate the existence of one such 
group. But it may here be pointed out that in diethyl-urea 
only one atom of hydrogen of the two imido-groups can bo 
replaced by nitroxyl. It is, however, possible that furfurin 
has the following constitution : 


O4H3O.CH— NH 

I ^CH-O^HgO 
C^HjO.C ZN 


890 Condensatim products of Furfurol. From the above de- 
scription of the compounds of furfurol it will be seen that this 

^ R. Sch^, Ber, Dewlsch, Chem, Ctes, x. 1186. 

^ Swanberg and Bergstrand, Joum, PrakL Chem, Ixvi. 220. 

^ Davidson, Edin, New, Phil, Mag, (1855) ii. 284. 

* R. Schiff, Ber, Deutsch, Chem, Gee, xi. 1250. • * 
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body bears a striking resemblance to the aldehyde of benzoic acid 
which constitutes the principal constituent of bitter almond oil. 
Like this latter substance, it yields condensation products, and 
these have been examined by E. Fischer, who has given them 
names analogous to those of the well-known derivatives of 
benzoic aldehyde.^ 

Furoln, Ci^HgOg, is produced by boiling furfurol with dilute 
alcohol and potassium cyanide. It crystallizes from hot water 
in fine prisms, which melt at 135^ and dissolve in caustic soda 
solution yielding a deeply coloured dark-red liquid, which by 
reflected light has a bluish-green colour. This solution becomes 
colourless in the air from the formation of furil. When boiled 
with acetic anhydride, acetyl-fv/roin^ CiQH7(C2Tl30)0g, pro- 
duced, and this crystallizes from hot water in needles melting at 
76"— 77". 

The following equation explains the formation of furoin : 

C^HgO.COH C4H3O.CO 

C1H3O.COH ~ C4H3O.iH.oH 

Furil^ CiQHg 04 , is formed when a current of air is passed 
through a solution of furoin in dilute alcohol : 

O4H3O.CO C4H3O.CO 

I + O = I + H2O. 

C4H3O.CEI.OH C4H3O.CO 

It is almost insoluble in water and crystallizes from hot alcohol 
in golden yellow needles which melt at 162®. It unites with 
bromine to form furil octohromide, CiQHgBrQ 04 , which yields 
yellow crystals, and on heating is transformed into dibromfurU, 
CiQH 4 Br 204 . This last-named body crystallizes from hot alcohol 
in golden yellow laminse, which melt at 183" — 184", and sublime 
without decomposition. 

Pyromucic Acid, C4H3O.CO2H. 

891 Scheele observed in 1780, that when mucic acid is 
heated it yields an acid sublimate, the vapour of which 
possesses a penetrating odour, resembling that of benzoic or 
succinic acid. Trommsdorff assumed that acetic, pyrotartaric 
and succinic acids are thus formed, but Houton-Labillardi^re 
showed that the sublimed acid is a new compound. The dry 
distillation of mucic acid is not a method which can be recom- 
^ Ann, Chenn, Pha/rm, ccxi. 214, 
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mended for the preparation of pyromucic acid, as by-products 
are^fonned, and consequently the yield of the acid is small. If 
furfurol be oxidized with silver oxide, about 14* per cent, of the 
theoretical quantity of the acid is formed, whereas if alcoholic 
caustic potash be employed the yield amounts to 33 per cent. 
Hence in order to prepare this acid, furfurol is mixed with a 
rather dilute solution of alcoholic potash, and the mixture 
repeatedly exhausted with ether to remove furfuryl alcohol. 
The potassium pyromucate is then dissolved in a small quantity 
of water, a resin being left behind. The filtrate is next heated 
with hydrochloric acid, when white pyromucic acid separately out 
on standing for twenty-four hours, whilst that remaining in 
solutiqn is obtained by shaking up with ether (Limpricht). 

Pyromucic acid dissolves in 28 parts of water at 15° and in 
4 parts at the boiling point ; it crystallizes in long plates which 
melt at 134°, but sublime at 100° in needles. 

The Pyromicatcs} The salts of pyromucic acid are nearly all 
soluble in water, and like the acid itself give a red precipitate 
with ferric chloride. 

Ethyl PyromiLcate, C5H303(C2H5), is obtained by the action of 
hydrochloric acid on an alcoholic solution of the acid.® It 
crystallizes in tables, which melt at 34° and are insoluble in 
water; it boils at between 208° and 210°, and it is not attacked 
by acetyl chloride. Ammonia converts it into the amide, 
C4H3O.CO.NH2,® which may also be obtained from the chloride 
C^HgO.COCl.^ The last named compound is a pungent-smelling 
liquid, which has not been prepared in the pure state.® The amide 
forms warty crystals, which easily sublime in tablets resembling 
those of benzoic acid, and melt at 142°. When distilled with 
phosphorus pentachloride ® or phosphorus pentoxide,^ furfur- 
onitril, C4H3O.CN, is formed, a liquid smelling like benzonitril 
and boiling at 147°. By the action of zinc and sulphuric acid 
it is converted into furfurylamin, C4H3.OH2.NH2. This is a 
powerfully refracting liquid, smelling like coniin, and boiling 
at 147°. 

892 Addition Products of Pyromucic Acid. When the acid is 
exposed to the vapours of dry bromine, a tetrabromide is formed, 

^ Beilstein and Schmelz, Ann. Chem. Pharm, Suppl. iii. 286. 

» Malaguti, ib. xxv. 276 ; Schiff and Tasssinari, Per. Deutach, Chem. Oes. xi. 
1640. » Schwanert, Ann. Chem. Pharm. cxvi. 282. 

^ Li^s-Bodart, Comj^. Rend, xlviii. 391. 

• Limpricht and Rohde, Ann, Chem. Pharm. clxv. 280. ’ 

* Wallach, Liebig a Ann. eexiv. 227, 751. 

7 Ciamician and Dexmatedt, i6. 1068. ■ Ciamician ahd Dennstedt, ib. 1475. 
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CgH^Br^Og, which is soluble in cold water and separates in well- 
formed cystals from its solution in a mixture of ether and 
petroleum spirit. Reducing agents re-convert it readily into 
pyromucic acid, whilst chromic acid solution oxidizes it to 
dibromsuccinic acid. Ethyl pyromucate also combines with four 
atoms of bromine ; the compound separating out from chloroform 
in colourless crystals, which melt at from 46® to 48® and decom- 
pose at a higher temperature, becoming easily reduced again to 
ethyl pyromucate.^ The ethereal salt combines also with four 
atoms of chlorine, when a transparent syrup is obtained having 
a pleasant smell of the wood of the allspice tree {Galycanthus 
floridus)? 

When an aqueous solution of pyromucic acid is saturated with 
chlorine, mucochloric acid is obtained : ^ 

+ 2H.p 4- 4 CI 2 = C 4 H 2 CI 2 O 3 + CO 2 + 6HC1. 

It crystallizes from hot water in rhombic tablets, which melt 
at 125®. Aqueous alkalis decompose it in the cold into formic 
and a-dichloracrylic acid. 

By the action of bromine on an aqueous solution of pyromucic 
acid, a compound is first formed to wliich Limjjricht has given 
the name of aldehyde of fumaric acid : 

+ 2Br2 + 2H^O = + CO^ + 4HBr. 

This forms a syrup, from which crystals separate on standing. 
It is a monobasic acid which on oxidation is transformed into 
fumaric acid ; * its constitution being, therefore, the following : 


p „ fCOH 
^A-^CO.OH. 


By the action of an excess of bromine mucolromic acid, 
O^HgBrgOg, is formed, and this crystallizes from hot water in 
glistening laminss which melt at 120®.® When treated with 
water and caustic baryta, it yields /8-dibromacrylic acid and 
brompropiolic acid.^ Oxidizing agents transform it into dibrom- 
maleic acid:^ 



COH 

CO2H 


+ O 



COgH 

COgH. 


^ Tonnies, Ber. Deutach, Chem. Ots. zi. 1085. 

* Malaguti, Ann. Chem. Pharm, zxy. 279 ; xzzii. 41. 

* Schmelz and Beilstein, ib, Suppl. iii. 279. 

^ Limpricht, Ann, Chem, Pharm. cIzy. 285 ; Boeyer, Btr, Deutsch, Chem, Oes. 
X. 1361. 

^ Beilstein and Schmelz, Ann, Chem, Pharm, Suppl. iii. 276 ; Limpricht, ib, 
clxv. 298. * Hill and Jackson, Bw, IhvAaeh. Chem. Ges. xi. 1671. 

y Hill, ib. xiii. 784. *, 
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Substitution Products op Pyromucic Acid. 

893 Momh'(mpyr(mucic Add, CgHgBrOg. When ethyl pyro- 
mucate is combined with two atoms of bromine and the product 
then treated with alcoholic potash, two acids of the above com- 
position are formed. Of these one forms glistening scales which 
melt at 180^ and are almost insoluble in cold and dissolve 
but little in hot water. The second acid is easily soluble and 
crystallizes in thin needles, which melt between 156® and 157®. 
When boiled with acidulated water this is gradually transformed 
into the first-named acid.^ 

Vid'pmpyromucic Add, CgHgBrgOg, is produced by the action 
of alcoholic potash on the tetrabromide of pyromucic acid. It 
crystallizes in small scales which melt at 184® — 186®, and 
sublime at a higher temperature. It is not attacked by a 
boiling solution of chromic acid, but it dissolves in bromine 
water with evolution of carbonic dioxide and formation of the 
aldehyde of mucobromic acid, C4H2Br202, a substance readily 
soluble in water and crystallizing from ether in concentrically 
grouped needles which melt at 88®. When warmed with 
chromic acid solution, or if bromine be led into its boiling 
aqueous solution, it is oxidized to mucobromic acid.^ 

^Iphopyromucic Add, 0511303(8031!), is obtained by treating 
pyromucic acid with sulphur trioxide, and yields a barium salt, 
(C5H303)2(S08)2Ba, which does not crystallize well.® 

Nitropyromucic Acid, €5113(^02)03, is produced by the action 
of a mixture of concentrated nitric and sulphuric acids on 
dihydromucic acid : 

C4H20(C02H)2 + NO 2 .OH - C^H2(N02)0.C02H + H 2 O + CO 2 . 

It is difficultly soluble in water, but dissolves readily in alcohol 
and crystallizes in transparent, yellow, rectangular prisms or 
tables which melt at 183®. By the action of tin and hydro- 
chloric acid it is transformed into succinic acid : ^ 

C4H3(N02)0.C02H + 2 H 2 + H 2 O = C2H4(C02H)2 -h COj + NHs. 

894 Tetrol, C4H4O. This compound, which is also known as 
traphenol or furfuran, is produced by heating barium pyromucate 

' Schiff and Tassinari, Ber, Dmtsch, Chem. Oea. xi. 842 ; 1840. 

^ Tonnies, Bcr, Deutach, Chem, Oea, zi. 1088 ; zii. 1202. , 

* Schwanert, Ann, Chem, Pharm, ezv^ 268. 

^ Klinkhardt, Joum, Prakt, Chem, [2], zxv. SU* • 
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with addition of a little soda-lime. It is a peculiarly-smelling 
liquid, which boils at 32°, and if a little be allowed to evaporate 
quickly on a glass rod a portion of it crystallizes. It is not 
attacked by bromine even on warming, but acids decompose it 
with formation of pyrrol-red.^ 

Tetrol appears also to be found contained together with 
sylvan or methyl-tetrol, 0 ^ 113 ( 0113 ) 0 , amongst the distillation 
products of pine wood. Sylvan is a liquid boiling at 63°, It is 
not attacked by sodium, whilst hydrochloric acid converts it into 
a rpsinous mass. By potassium permanganate it is oxidized to 
acetic acid.® 

Pyrrol, C^H,(NII). 

895 This compound was found in coal-tar by Rungc, who 
noticed that the smallest quantity of its vapour imparted a deep 
red colour to a shaving of pine wood, moistened with hydro- 
chloric acid, and on this account Jae gay©' the -new substance 
the above nam 0 (from irvppo^:, flame-coloured). By this reaction 
he also detected its presence in ammonia-water of the gasworks, 
in the vapours given off in the carbonization of horn and bone, 
and in the so-caUed oil of tobacco.® He did not, however, suc- 
ceed in isolating this compound, but this was accomplished by 
Anderson, who separated it from Dippels-oil and fixed its 
formula.^ It is formed in larger quantity, together with other 
products, in the dry distillation of feathers and of flannel, and 
likewise of several alkaloids,*^ and it is also j)roduced when the 
vapour of diethylamine is passed through a tube heated to 
dull redness : ® 

Schwanert then observed that it occurs amongst the products 
of the dry distillation of ammonium mucate : ^ 
C,H,(0H),(C0.,NH,)2 = CJI,N + C03(NH,)H + CO 2 + SK.fi. 

This decomposition proceeds more readily if glycerine be 
added.® Pyrrol is also produced, and in large quantity, in the 
dry distillation of ammonium saccharate.® 

Pyrrol is a colourless liquid, which has a pleasant ethereal 
smell ; it boils at 133° and when exposed to the air gradually 

^ Limpricht and Rodhe, Ann. Chem. Pharm. cIxy. 281. 

“ A. Herberg, Per, Peutsch. Cliem, Oea. xiii. 879. 

* Pogg. Ann. xxxi. 67. * Ann. Chem. Pharm. Ixxxiii. 63 ; cv. 349. 

” Williams, Chem. Oaz. 1858, 309 and 321. 

® Bell, Ber. DeiUach. Chem, Oes. x. 1861. Ann, Chem. Pharm, cxvi. 278. 

* Goldschmidt, ZeUech. Chem. 1867, 280. 

* BeU and Lapper,* DetUseh, Chem. Oes. x. 1961. 

• VOL. III. . n R* 
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acquires a brown colour. It is almost insoluble in water, but 
dissolves slowly in dilute acids, without, however, entering into 
combination with them. With mercuric chloride, however, it 
forms a crystalline compound, C 4 H 5 N + 2 HgCl, 2 , which does not 
dissolve in water. Strong acids decompose pyrrol, with forma- 
tion of the pyrrol-red before mentioned, its production being 
explained by Anderson as follows : 

3C4H5N + H^O = C12H14N2O + NH3. 

Pyrrol-red is a light, orange-red powder, which does not dis- 
solve in water, and is but slightly soluble in alcohol. 

Pyrrol unites with nascent hydrogen, forming pyrrolin^ 
C 4 H,j(NH), an oily liquid that boils at 90° — 91° and acts as 
a strong base.' 

Carhopyrrolamide, CgH^NgO. By the dry distillation of am- 
monium mucate and of mucamide, Malaguti obtained a crystal- 
line body which he pyromucaTmde hiamidie? Schwanert, 

who examined this substance more closely, found it to be the 
amide of carbopyrrolic acid, C^H^N.COgH.^ For its preparation 
the aqueous liquid is separated from the pyrrol and evaporated, 
and the crystals arc repeatedly recrystallized from alcohol, the 
solution previous to the final crystallization being treated with 
animal charcoal. It forms lamina) which are slightly soluble in 
water, possess a sweet taste (Malaguti), melt at 176°’5 and 
decompose at a higher temperature. Ammonium saccharate 
does not yield any carbopyrrolamide (Bell and Lapper). 

Carhopyrrolio add, C4H4N.CO2H. The barium salt of this 
acid is obtained by boiling the amide with baryta solution, and 
crystallizes in thin, flexible plates. If concentrated hydrochloric 
acid be added to a cold concentrated solution of the barium salt, 
the greater part of free acid is precipitated, and this must bo 
quickly separated from the liquid. The residual liquor very 
quickly becomes rose-red coloured and then brown, and the acid 
contained in it cannot be separated, as even on most careful 
evaporation of the solution it is transformed into pyrrol-red 
with evolution of carbon dioxide. 

Carbopyrrolic acid crystallizes from dilute alcohol in small 
prisms which at 190° sublime, yielding broad feathery crystals. 
At a slightly higher temperature it is decomposed into carbon 
dioxide and pyrrol. 

^ Ciamician and Dennstedt, Ber, Dmtsch, Ohem, Ges, xvi. I'5d6. 

* CompL Betid, xxii. 866. * Ann, Ch^m, Fharin, cxvi, 270. 
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896 Ethyl-pyrrol, 04H4.NC2Hg, is produced in the dry distilla- 
tion of the mucate and of the saccliarate of ethyl amine.^ It is a 
colourless liquid which in smell resembles pyrrol. It boils at 
ISl** and imparts an intense red colour to a pine shaving moist- 
ened with hydrochloric acid. It does not, however, yield any 
pyrrol-red when heated with hydrochloric acid. 

Together with etliyl-pyrrol, ethylamine mucate yields also 
diethylcarhopyrrolamidG, CgH4(C.^Hg)2N20, and trieihyldicarho- 
pyrrolamido, C0H4(C2H5)3N3O2 ; but these products are not 
obtained from the corresponding saccliarate. The first-named 
body crystallizes in prisms which melt at 43° — 44° ; it boils at 
269° — 270°, and on heating with alcoholic potash solution' splits 
up into ethylamine and ethjl-carhopyrrolic acid, 04113^^(02^5^- 
OOgH. This acid crystallizes from hot water in glistening 
silky needles which melt at 78° and readily decompose into 
ethyl-pyrrol and carbon dioxide. ‘The triethyldicarbopyrrol- 
amide is a crystalline mass which does not dissolve in water. 
It melts at 229° — 230° and on heating with alcoholic potash to 
130° "splits up into ethylamine and ethyUdicarhopyrrolic acid, 
C4H2N(02Hg) (00311)2. The last named acid crystallizes from 
alcohol in needles, and when heated to 250° it decomposes, with- 
out previously melting, into ethyl-pyrrol and carbon dioxide. 

The corresponding methyl and amyl compounds have also 
been prepared and examined by Bell, 

Acctyl-pyrrol, C4H4,N02H30. By acting on pyrrol with 
potassium, potassium-pyrrol is produced, and this, when treated 
with acetyl chloride, yields acetyl-pyrrol. It is a liquid which 
boils at 177° — 178°, has a very peculiar smell, and on heating 
with potash solution is split up into pyrrol and acetic acid. 
Acetyl-pyiTol is also formed when pyrrol is heated together 
with acetic anhydride and anhydrous sodium acetate. The 
principal product of this reaction is, however, pseudo-acetyl- 
pyrrol, €4113(021130) NH, a substance which was formerly con- 
sidered to be acetyl-pyrrol itself.^ It crystallizes from ether in 
splendid needles, which melt at 90° ; it boils at 220° and is not 
decomposed by caustic potash solution. If its hot aqueous 
solution be treated with silver nitrate and a little ammonia, a 
crystalline precipitate is obtained having the composition 
C4H3(C2H30)NAg.3 

1 Bell, Ber. Deviach, Chem, Oea, x, 1861 ; Bell and Lapper, ib. x. 1961. 

* R. SchifT, Bcr.yeutsch. Chem, Ges, x. 1500. 

^ Ciamician and Dennstedt, ib, xvi. 2348. 
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ISOMERIDES AND HOMOLOGUES OF PyROMUCIC AcID. 

897 Isopyromucic Acid, C^HgO.COgH, is formed, together with 
pyromucic acid, in the dry distillation of ammonium mucate. 
It is very easily soluble in water, and decomposes carbonates but 
slowly. It may therefore be separated from pyromucic acid by 
exhausting the mixture with a small quantity of water, or the 
distillate may be treated with barium carbonate and then shaken 
up with ether. This acid melts at 82°, easily sublimes in tablets 
and yields with iron chloride a deep green colouration.^ 

Fucusol, C5H4O2. This compound, which is isomeric with 
furfuroh was obtained by Stenhouse by distilling certain sea 
algae (Fimis), peat-moss {Sphagnum), and lichens {Usnea, 
Cetraria, &c.), with dilute sulphuric acid. It is an oil which 
resembles furfurol; it has a specific gravity of 1*150 at 13° 5, 
and boils at 171® — 172°, a part of the substance being, however, 
converted into a resin. It differs from furfurol by being some- 
what less soluble than this body in water and ammonia. The 
last-named substance converts it into fiicmamuU, (C4H30.CH)3N2, 
which crystallizes from alcohol in long needles ; on boiling with 
a weak solution of caustic potash it is transformed into its iso- 
meride f uemin, a substance which at 8° dissolves in 2,400 parts 
of water, and separates from hot water in flat concentrically 
grouped crystals. It has an alkaline reaction and forms crystalline 
salts.^ 

Fucvsoic Acid, or ^-Pyromucic Acid, C^HgO.COgH, is formed 
when fucusol is boiled with silver oxide and water, and crystal- 
lizes from aqueous solution in rhombic tables which melt at 
130°.3 

Furfuracrolein, C4H3O.C2H2.COH, is obtained when a mixture 
of furfurol and aldehyde is warmed with a weak solution of 
caustic soda : 

C4H3O.COH + CH3.COH = C4H3O.CH H CH.COH -1- H2O. 

It crystallizes from hot water in needles which have an odour 
resembling that of cinnamon. These melt at 51° and by careful 
heating may be sublimed. When boiled with water and silver 
oxide ^ it is transformed into the compound next to be described. 

^ Limpricht and Rohde, Ann, Chmn. Phann, clxv. 266, 298. 

- Ann, Chtni, Phann, Ixxiv. 284. 

“ Stenhouse, Proc, Roy, Soc, xx. 80. / . 

* J. G. Schmidt, Bar, Deutsvh, Gc8, xiii. 2342. 
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898 Furfuraeryiie Adi, C^Hj0.C2H.j.C02H, is also produced 
when a mixture of furfurol, acetic anhydride, and anhydrous 
sodium acetate is heated for some hours to tlie boiling point ; 

2C.H.o.oom-CB^gO}o- 

2C4H3O.cn — CH.CO.OH + HgO. 

It is difficultly soluble in cold water, and crystallizes from hot 
water in long brittle needles which resemble cinnamon in smelh 
melt at 135°, and may be volatilized in a current of aqueous 
vapour. 

This acid is isomeric with salicylic acid. It combines with nas- 
cent hydrogen forming furfurpropionic acid, C4H3O.C2H4.CO2H, 
which has a strong cinnamon-like smell, and forms crystals 
which melt at 51°. 

If to its aqueous solution one molecule of bromine and after- 
wards three molecules of silver oxide be added, the silver salt 
of dibasic furonic acid, C5H303(C02H)2 is formed ; this acid 
c^stallizes from hot water in needles which melt at 180°. With 
nascent hydrogen it unites to form hydrofuronic acid, C^HgO,, 
(C02H)2, a substance readily soluble in water and crystallizing 
in needles which melt at 112°, If this acid be heated with 
hydriodic acid and phosphorus to 200°, it is reduced to a-pimclic 
(md, 

Furfurangelic Acid, C4H3O.C4H3.CO2H, is formed by heating 
together furfurol, butyric anhydride, and sodium butyrate. It 
crystallizes in needles which melt at 88°, and unites with hydro- 
gen forming furfurvaleric obdd, C4H3O.C4Hg.CO2H. This last 
named acid is a disagreeably smelling oil, and is converted by 
the action of bromine and silver oxide into hutyrofuronic acid^ 
C3H12O5, a substance readily’ soluble in water, and reduced by 
phosphorus and hydriodic acid into a-azelaic acid.* 

Fiirfur-hutyleTie, C4H3O.C4H7, is produced when isobutyric 
anhydride is heated with furfurol and potassium isobutyrate. It 
is a colourless oily liquid which boils at 153°, and has a peculiar 
odour resembling that of the beetle Carahus sycophanta? If to 
its solution in glacial acetic acid a concentrated solution of 
potassium nitrite be added, the compound CgHjQO.NgOg is pro- 
duced, a substance which crystallizes well, and on reduction in 

^ Baeyer, Set, Deul^ch, Chem, Oes, x. 855, 695, 1858. 

Baeyer Deutsch, Chem, Oes, x. 1364 ; Tonuies, ib, xii. 1200. 

, ’ Baeyer and Tonniea, ih. x 1364. 
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hydrochloric acid solution yields the hydrochloride of the base 
C 8 Hj(, 0 ( 0 H)NHg. Hence the addition-product possesses the 
formula C8H30.08Hy.(N0)(0N0).» 

899 Constitution of tlie Furfuryl Compounds , — These contain 
the group C4H3O, which in accordance with Baeyer’s suggestion is 
termed “furfur.” Its constitution maybe arrived at from the 
following considerations. Furfurol acts in all its relations in an 
exactly analogous manner to benzaldehyde, a substance which 
belongs to the aromatic group, and contains its six atoms of 
carbon arranged in the form of a ring. It may therefore be 
assumed that in the furfuryl compounds the four atoms of carbon 
form a similar closed chain. The simplest member of this group 
is tetrol, C4H4O, a substance which is not attacked by the alkali 
metals, ancl therefore does not contain hydroxyl. The action of 
phosphonis pentachlorido on pyromucic acid also shows that 
“ furfur ” contains neither the hydroxyl group nor the carbonyl 
group. 

The formation of dehydromucic acid from mucic acid may 
therefore be exiJained as follows: 

CH(0H)CH(0H)C02H CH.C.COgH 

I =11 |>0 +3H3O. 

CH(0H)CH(0H)C02H CH.C.CO 3 H 

% 

By separation of carbon dioxide this then yields pyromucic 
acid and tetrol: 


CH.CH 

II i> 

CH.C.CO,H. 


CH.CH 

II l> 

CH.CH. 


Pyromucic acid unites with bromine to form a totra- 
bromide : 

CHBr.CHBr 

> 

:JHBr.CBr.C 03 H, 


\J 1. 

A, 


whilst on oxidation it yields fumaric acid : 

CH. 

II 

CH. 

t 

« ‘ 

^ Tonnieei, Ber, Deutsek, Chem, Oes, xL 1611. 


CH.CO3H 


yo + 30 = 

C.CO,H CH.CO,H 


-I- CO,. 
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And the acids produced from furfuryl-acrylic acid will possess 
the following formulae : 

Furfurpropionic Acid. Furonic Acid, 

CH.CH CH.CO2H 

II i> II 

CH.C.OHj.CHg.COjH. CH.CO.CH2.CHj.COjH. 

a-Pimclic Acid. 

CHj.COjH 

I 

CHj,CH,.CHj.CH2.COgH. 

Pjnrol is produced by beating ammonium succinate ; and also 
when the vapour of diethylaminc is passed through a red- 
hot tube : 

CH3.CHJ CH.CH 

)>NH-.= || |)>NH+ 3 Hj. 

CHs.CHj CH.CH 

The other compounds of the pyrrol group have the following 
constitution : 

Carbopyrrolamidc. 

CH.CH 

II I)*® 

0H.C.00.NH,, 

Diethylcarbo^rrolamido. 

II ’| >N.CjH, 

CH.C.CO.N(CjH 5 )H. CH.C.CO.N(CjH 5 )H. 


CarbopyiTolic acid. 

CH.CH 

II I)™! 

CH.C.CO.OH. 

Triethyldicarbopyrrolamidc. 

CH.C.CO.N(CjH6)H 

II |>N.CjH« 


900 Tetrylene-Dicarhoxylw Acid, C^Hq(C02II)2- The ethyl salt 
of this acid, which is also known as homoitaconic acid, is obtained 
in small quantity, together with that of ethyl-lactic acid and the 
sodium salts of the two acids, by the action of dry sodium 
ethylate on the ethyl salt of a-chlorpropionic acid. The 
formation of the acid is explained by the following equation : 


/CHj 

COjH.CHCl 


^CH, 


CHj 

^CHCLCOjH = 
CH, 


COjH.CH y 
. * \ / 

* \CH 


yCH. 

“~Nch.co,h 


+ 2HCL 
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The ethyl salt is a pleasantly smelling liquid, which boils 
at 230®. When heated with strong hydrochloric acid it yields 
the free acid, which crystallizes from hot water in rhombic 
prisms. These melt at 170® — 171®, and at a higher temperature 
sublime in fine needles. This acid is isomeric with hydromuconic 
acid, from which it differs in the fact that it does not unite with 
hydrogen, bromine, &c.^ 


MECONIC ACID GROUP. 

goi Meconic Acid, C^H^O^.'’ In the year 1805 this acid was dis- 
covered by Sertumer in opium and was afterwards 

more completely examined by Robiquet,® and by Liebig.^ It is 
now obtained as a by-product in the preparation of the alkaloids 
contained in opium. In order to purify the crude acid it is 
recrystallized from warm dilute hydrochloric acid, in which it is 
in the cold less soluble than in pure water. The acid is next 
converted into the ammonium salt, and this is then decomposed 
by hydrochloric acid.^ 

Meconic acid dissolves in four parts of boiling water, and on 
cooling the solution it separates out in micaceous scales or small 
rhombic prisms, which contain three molecules of water of 
crystallization, these being lost at 100®, When heated more 
strongly meconic acid loses carbon dioxide, and is converted into 
comenic acid, CQII 4 O 5 , and pyromeconic acid, C 5 H 4 O 3 . Very 
minute quantities of ferric chloride impart a deep red colour to 
solutions of meconic acid and its salts. This colouration is not 
destroyed on addition of auric chloride, as is the case with the 
similar colouration produced by thiocyanic acid. 

When sodium amalgam is added to a solution of meconic acid, 
the latter takes up hydrogen, and a non-crystallizable acid is 
obtained, which from the analysis of its silver salt appears to be 
hexhydromeconic acid, 

Meconates. Three of the atoms of hydrogen in meconic acid 
are capable of replacement by metals, and Liebig therefore 

^ M'arkowDikow and Krestownikow, Lieb, Ann, ccviii. 333. 

* Gilbert, Ann. Phys. xiii. 1, 234 ; xiv. 1, 47. 

^ AnTi, Chim, Phys. v. 282 ; li. 236 ; liii. 425. 

^ Ann. Pharm. vii. 237 ; xxvi. 113, 147. , 

* Mennel, Joum. Prakt. Chem. [2], xxvi! 449. e • • 

® V. Korff, Ann. Chem. Pharm. cxxxviii. 191. 
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considered it to be a tribasic acid. Later researches have however 
shown that it contains together with two carboxyl groups, one 
hydroxyl, the hydrogen of which can be replaced by metals. 
The basic salts thus produced possess a yellow colour. 

Normal Potassium MeconaiCy CyH^KgO^, is readily soluble in 
hot water, and separates out on cooling in lustrous silky needles 
or laminse. On the addition of some hydrochloric apid to the 
cold concentrated solution of the normal salt, or of caustic potash 
solution to an excess of meconic acid solution, the acid salt 
C7H3KOy is obtained in fine needles. If, however, an excess of 
the caustic potash be employed, then the yellow basic salt, 
C7HK3O7, is thrown down. 

Normal Silver MeconatSy is a snow-white pre- 

cipitate, which on boiling with water passes into the yellow 
basic salt, C7HAg307. The latter salt is also formed when a 
solution of the acid exactly neutralized witii ammonia is pre- 
cipitated with silver nitrate, the solution afterwards exhibiting 
an acid reaction. 

Normal Ethyl MeconatCy 07112(0211^)207, is obtained by passing 
a stream of hydrochloric acid gas into a mixture of one part of 
the anhydrous acid and two parts of absolute alcohol until the 
acid ethyl meconate which is in the first place precipitated is 
redissolved. The normal salt crystallizes from hot water in 
small plates or flattened prisms which melt at 111®’5 (Mennel). 

AM Ethyl MeconatCy 07113(02115)07, crystallizes from hot 
water in colourless needles which melt at 179°, and, like the 
foregoing compounds, yields a red colouration with ferric 
chloride. If silver nitrate be added to its solution, silver ethyl 
meconatey 07H2Ag(C2H5)07 + HgO, is formed, and this crystallizes 
froni hot water in needles. 

Triethyl MeconatCy 0711(02115)307, is prepared from the salt 
07HAg(02H5)207, which is obtained as a yellow precipitate by 
► first adding the requisite quantity of silver nitrate to a hot 
solution of the normal ethyl salt, and then exactly neutralizing 
with ammonia. This precipitate must be washed and dried in 
the dark. This is then heated with ethyl iodide, when the 
triethyl salt is obtained, which crystallizes from dilute alcohol in 
prisms melting at 61°. 

Ethyl Meconic Acid, 07113(02115)07, is produced when the 
preceding compound is boiled for some time with water. It 
forms small prisms, has a strongly acid reaction, and, as is also 
^ the case with the triethyl salt, yields no colouration with ferric 
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chloride. It melts at 200°, giving off carbon dioxide. This acid 
is metameric with acid ethyl meconate : 


Ethyl Mcconic Acid. 
O HO / 


Acid Ethyl Meconate. 

CO,.0,H, 


C«HO, 


{ 


CO»H 

orf. 


(•CO.NHg 

Meconamio Acid, CgHOo \ CO.OH The basic ammonium 

(oh. , 

salt of this acid is thrown down as a yellow precipitate when 
an excess of ammonia is added to a concentrated hot solution of 
acid ethyl meconate. On decomposition with hydrochloric acid 
the free acid is produced, and this separates from hot water in 
warty concretions, which contain one molecule of water of 
crystallization. It is not decomposed by cold caustic soda 
solution, but on heating the mixture ammonia is evolved and 
sodium meconate produced (Mennel). 

902 Cmnenic Acid, C^H^Og, is formed when meconic acid is 
heated to 200° — 220®, or when it is boiled with strong hydrochloric 
acid. It dissolves in somewhat above sixteen parts of boiling 
water, and crystallizes out on cooling in prisms or plates, which 
are but little soluble in cold water. Ferric chloride imparts a 
blood-red colour to solutions of the free acid and its salts. Like 
meconic acid it unites with hydrogen, but the product has not 
been further examined. 

Coincnates, Comenic acid is a monobasic oxyacid, and like 
meconic acid forms not only normal but also basic salts, which 
almost all crystallize easily. 

Ethyl Comenate, CflH305(C2Hg), is obtained by passing hydro- 
chloric acid gas into absolute alcohol in which comenic acid is 
suspended. It crystallizes from boiling water in quadratic 
prisms which melt at 126®‘5, but volatilize at a lower tempera- 
ture than this. Its solution is coloured a deep fed by ferric 
chloride. If a stream of nitrogen trioxide be passed into anhydrous 
ether containing the free acid in suspension, ethyl nitrocomenate, 
C3H2(N02)05(C2H5), is obtained ; this forms small yellow needles 
which melt at 147®, and dissolve readily in hot water. Its 
solution is coloured red by ferric salts. With various bases it 
yields yellow salts, which crystallize well.^ 

If ethyl comenate be heated with acetic anhydride to 150®, 
^ Reibstcin, Jmm, PraM, Ch&n. [2], xxiv. 278. 
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ethyl acetocomenate, 0,.H3(0C2H30)02(C02.C2H5), is obtained. 
This crystallizes in needles which melt at 104®. It yields no 
colouration with ferric chloride, and is readily split up by water 
into acetic acid and the ethyl salt. 

Amidocomenic Acid, C5H2(0H)02(NH2)C02H, is produced by 
the action of tin and hydrochloric acid on ethyl nitrocomenate 
It crystallizes from hot water in lustrous needles, which witli a 
little ferric chloride give an indigo-blue colouration, this being 
chianged to red on the addition of more of the reagent. It 
unUes vrith hydrochloric acid, forming a salt which crystallizes 
in micaceous scales. 

Gomenamide, C5H2(0H)02(C0.NH2)2. The corresponding 
ammonium compound is produced by the action of ammonia on 
the ethyl salt, and this on treatment with hydrochloric acid 
yields the amide, which is purified by recrystallization from 
boiling water. It forms small white plates and contains one 
hydrogen atom which may be replaced by metals. 

Comenamic Add, CgH5N04 + 2H2O, is isomeric with comen- 
amide, and is obtained by boiling comenic acid with an excess 
of ammonia : 

C6H2(0H)02(C02H) +NH3 = C,H2(0H)0(NH)C02H -f- HgO. 

The ammonium salt is of course formed in this reaction, and 
this is then decomposed by hydrochloric acid. The free acid 
crystallizes from hot water in colourless lustrous tables, which 
effloresce on exposure to air, and its solution is coloured purple 
by ferric chloride. Like comenic acid it forms two series of 
salts. When heated with zinc dust, pyridin, C5H5N, is formed, 
a base which it will be more convenient to describe in the 
sequel.^ 

ChloTccmenic Acid, 2C3H3CIO5 -f SHjO, is formed by passing 
chlorine into water containing comenic acid in suspension. It 
dissolves readily in water, and crystallizes in long four-sided 
prisms, which lose their water at 100®, and at a higher tempera- 
ture melt and then blacken and decompose. It yields with 
ferric chloride the same colouration as that given by comenic 
acid, and its salts are distinguished from the corresponding 
comenates by their greater solubility 

BroTTiconunic Acid, 2C3H3Br05 + SHgO, is obtained by the 

^ Lieben and Haitinger, Ber* Dmisch, Chem, Ocs, xvi. 1263. Sec also Oat, 
Joum. Prakt, ChemM\, xxvii. 267. 

How, EdinJb, Phu, Tmifia, xx. part II. 226. 
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action of bromine water on comenic acid or meconic acid. It 
resembles cfilorcomenic acid, but is less soluble than the last- 
named TLcid.i 

By the continued action of bromine and water an acid is 
obtained which has the empirical formula of dibrompyromeconic 
acid ; but it caanot be this, as on heating with water it is easily 
transformed again into monobrommeconic acid. Mennel assumes 
that it contains an atom of bromine replacing the hydrogen of 
the hydroxyl, and terms it therefore hromoxylhromcomenic acid^ 
C5HBr02(0Br)C02H. It dissolves readily in water and alcohol, 
and crystallizes in fine rhombic tables. Its solution does not 
yield any immediate colouration with ferric chloride, but on 
longer standing, or at once on heating, the liquid assumes a red 
colour, bromcornenic acid being formed.® 

When the last-named acid is boiled with hydrochloric acid or 
hydrobromic acid, oxyconicnic acid, C5H02(0H)2C02H, is formed. 
It crystallizes from water either in long needles which contain 
three molecules of water, or in short prisms which contain only 
one molecule of water of crystallization. With ferric chloride 
it first gives a blue colouration, which changes to red on further 
addition of the reagent. It is a monobasic acid, but, like meconic 
acid, it forms three series of salts.® 

903 Pyromeconic Acid, C5H4O3, was discovered by Sertiirner 
in 1817 , but was for some time considered to be identical with 
meconic acid, its individuality being first recognized by Robiquet.^ 
For its preparation anhydrous meconic acid is heated to 300 ® 
or higher, and a current of carbon dioxide is passed through the 
apparatus in order to bring the pyromeconic acid into the 
receiver and to prevent the temperature rising to too high a 
point. The distillate contains some acetic acid, comenic acid,® 
and other products. In order to purify it, the acid is redistilled 
in small quantities at a time, and is then crystallized from hot 
water.® 

Pyromeconic acid crystallizes in large prisms which melt at 
117 ® and dissolve readily both in water and alcohol. They 

^ Ann. Chem, Pharm, Ixxx. 85 ; Ixxxiii. 356. 

° Jmm. Prakt, Ghem, [2], xxvi. 466. 

* Ost, Ih. [ 2 ], xxiii. 440. 

* Ann. Chmn, Pharm. v. 90. 

^ This was at first considered to he paracomenic acid (Stenhousc, Ch^n. 80c. 
Mem. ii. (1844), 1 ), but Ost has fonn^ that the substance is identical with 
comenic acid. ^ 

^ Ost, Joum. Prakt, Chem, [2], xix. 177. 
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sublime even at the ordinary temperature, but more readily at 
lOO'’, and the liquid boils between 227 ° and 228 °. The-aqueous 
solution, which has only a weak acid reaction, yields with ferric 
chloride a blood-red colouration. 

PyromeciMotes. Pyromcconic acid does not contain the^car- 
boxyl group, but an hydroxyl, the hydrogen of which can be 
replaced by metals. The compounds so formed unite with a 
second molecule of pyromeconic acid to form the so-called acid 
salts. All the pyromeconates are unstable bodies. They 
dadcen on exposure to light, and are decomposed when boiled 
with water. The alkaline salts readily decompose in presence 
of free alkali, formic acid being produced (Ost). 

When pyromeconic acid and acetyl chloride are * heated 
together, acetopyrmneconic acid^ 0511302(0021130), is produced ; 
it forms colourless prisms, which melt at 91 ° and dissolve readily 
in water, but on heating the solution it is easily split up into 
pyromeconic and acetic acids. The solution does not yield a 
colguration with ferric chloride. 

When hydrochloric acid gas is passed into an ethereal solution 
of pyromeconic acid, the compound CgH^OgjHCl separates out 
in small needles. Water decomposes this product into its 
constituents. 

If concentrated sulphuric acid be added to an ethereal solu- 
tion of pyromeconic acid, the following compounds are produced 
according to the quantity added : viz., cither 0511403,804112, 
crystallizing in needles, or 2(C5H403),S04H2, obtained in the 
form of prisms. Both substances are at once decomposed by 
water (Ost). 

Concentrated nitric acid acts energetically on pyromeconic 
acid, large quantities of prussic acid aiid some oxalic acid being 
formed.^ Under certain conditions nitromeconic acid, shortly 
about to be described, is produced. 

904 Broinpyromeconic Add, CgHgBrOg, is formed by the 
action of bromine water on an aqueous solution of pyromeconic 
acid, and crystallizes from hot v/ater in short prisms or tables. 
Its solution yields a deep red colouration with ferric chloride.^ 

lodopyromeconic Acid, C5H3lOg. On the addition of chloride 
of iodine to a solution of pyromeconic acid the iodo-acid 
separates out in small colourless plates. These are readily 
soluble in hot water, and their solution acquires a dark-red 
colour on addition of ferric chloride. By using an excess of 
^ * Brown, Phil, Hag, [4], viii. 20l. ■ Browi, Chum. Soc, Journ, vi. 78. 
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cliloride of iodine, Brown obtained a yellow crystalline precipitate 
which 111 ^eacribed as iodomecone, CgH^IgOg, but doubtless this 
product wail simply iodoform : 

CgH^Og + 7 IC 1 + SHgO = 2CHI3 + 3CO2 •+■ HI + 7 HC 1 . 

Nitropyrmneconic Acid, C5H3(Tf02)O3, is obtained by adding 
from 2 to 3 parts of pure concentrated nitric acid to a well- 
cooled solution of 4 parts of pyromecouic acid in 12 parts of 
glacial acetic acid. At first crystals separate out, which probably 
consist of meconic nitrate. After a short time, howevef, a 
powerful reaction commences, and, on cooling, the nitro-com- 
pound separates out in crystals. These are purified by recrys-. 
tallization from hot absolute alcohol, the solution being quickly 
cooled, as on long heating, either with alcohol or water, the 
compound is decomposed. It forms small light yellow prisms, 
which are but difficultly soluble in cold water. Its solution has 
a deep yellow colour, and yields a blood-red colouration with 
ferric chloride, Nitropyromeconic acid is monobasic, forming 
yellow salts, which explode when heated. 

Amidopyromeconic Acid, C5H3(NH2)03. If the nitro-acid 
just described be treated with tin and dilute hydrochloric acid, 
and the tin be then precipitated with sulphuretted hydrogen, 
a solution is obtained of the hydrochloric acid compound of 
amidomeconic acid, which on evaporation is obtained in large 
rhombic prisms, having the composition CgH3(NH2)0g,HCI+H20. 
This, wlien treated with ammonia, yields the amido-acid, which 
crystallizes from hot water in long needles. Its neutral solution 
yields, with a little ferric chloride, a beautiful indigo-blue 
colouration; on further addition of the reagent, the colour 
becomes green, and then blood-red. The solution reduces silver 
nitrate with separation of metallic silver.^ 

Nitrosopyromeconic Acid, 05Hg(N0)03. If absolute ether be 
saturated with nitrogen trioxide, and the solution then shaken , 
up with a little finely-ijowdered pyromeconic acid, the liquid, 
which is at first clear, afterwards deposits an orange-yellow 
crystalline precipitate of nitrosodipyromeconic acid, C5H3(N0)03 + 
C5H4O3, which, by the further action of nitrogen trioxide, is 
converted into nitrosopyromeconic acid. 

Nitrosodipyromeconic acid is stable only in absence of light, 
in the presence of which it is. decomposed with formation of 
prussic acid. This last-n«d|bd acid, together with' nitrogen 
^ Ost, Joum, Prakt, CJmi» [2], xU. X77. 
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trioxide, carbon dioxide, and other gases, is also formed when 
the aqueous solution of the nitroso-acid is evapfir{M^« /there 
being produced at the same ^time smeary decomposition-pro- 
ducts, free pyromeconic acid, and a compound of equal molecules 
of the last-named agid and oxypyromecazonic acid (Ost). 

905 Oxypyroinccazonic A cid, C5H5N O4. The double compound 
.just described is obtained in larger quantity when the nitrosO- 

compound is mixed with water to n paste, and sulphur dioxide 
passed in. It crystallizes in acute monoclinic tables, and is 
only difficultly soluble in cold water. When boiled with chloro- 
form, pyromeconic acid passes into solution, and the same 
decomposition takes place when heated alone to 120°. 

Oxypyromecazonic acid crystallizes from hot water, either in 
dazzling white needles which contain one molecule of crystalliza- 
tion water, or in the anhydrous form in short prisms. It occurs 
less frequently in needles containing two molecules of water of 
crystallization. Like pyromeconic acid, it forms two series of 
salts, uniting with acids more easily than the former acid. 
Ferric chloride imparts to its solution an intense dirty violet 
colour, and its alkaline solution yields on exposure to the air a 
fine blue precipitate, which, however, soon becomes discoloured. 

Pyromecazonic Acid, CgH^NOg, is formed in small quantity, 
together with the amido-acid, in the reduction of the nitro-acid. 
It is, however, better obtained by the action of hydriodic acid 
on oxypyromecazonic acid. It crystallizes in fine rhomic tables, 
and forms a diacetyl compound. 

906 Pyromecazone, CgHgNOg, is produced when concentrated 
nitric acid is added to pyromecazonic acid suspended in ether, 
the whole being kept well cooled. The product is insoluble in 
ether, but dissolves readily in water. The solution stains the 
skin violet, and has a peculiar smell, somewhat resembling that 
of iodine. It crystallizes from absolute alcohol, or from spirit^ 
in small needles, containing one molecule of alcohol. Pyro- 
mecazone passes readily into pyromecazonic acid by the action 
of sulphurous acid. 

When the last-named acid is treated with nitric acid in the 
presence of glacial acetic acid, the pyromecazone which is first 
formed passes into solution on further addition of nitric acid, 
and after a shoi*t time compact yellow prisms of nitropyromecazoiie, 
C5H2(N02)N03 + HgO, separate^ out. In aqueous solution this 
substance decomposes slowly iii?lilz8 cold, and quickly if heated 
^ to 30°-40°, carbon dioxide being evolved, and niiropyromecazonic 
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acid, C5H4(N0j)N 03, being precipitated. This acid may, how- 
ever, be pl^t^ined in larger quantity and without the evolution of 
gas by reduction with sulphur dioxide. It is a monobasic acid 
which crystallizes from solution in a large quantity of water, in 
golden-yellow tablets. With ferric chloridp it yields a blood- 
red colouration.^ 


907 Glididonic Acid, Cyll^Og, was discovered by Probst® in 
celandine {Clielidonmm majaa), and more closely examined by 
Lerch.^ It is contained in largest quantity at the tima of 
llowering, and occurs partly in the free state and partly as 
calcium salt, together with malic acid. It is somewhat difficultly 
soluble* in cold, but dissolves readily in hot, water, and on slow 
evaporation separates out in silky needles containing one and a 
half molecules of water. On slowly cooling, it is obtained in 
small interlaced needles which contain one molecule of crystal- 
lization water. When exposed to air it slowly becomes anhydrous. 
On heating to 150* it loses water^ and above 220* carbon dioxide 
is evolved, a new acid b^ng formed which has not been more 
closely ex&mined. 

Chelidonic acid differs from meconic acid by containing one 
atom less oxygen. Like the last-named acid it forms three series 
of salts, those containing two e(][uivalents of metal being the 
most stable. 

Potassmm Chelidonate, CyHgKgO^, crystallizes in small, easily 
soluble’ needles* * If caustic potash be added to its solution, a 
yellow crystalline precipitate of the salt C7HK3O3 is produced. 

Barium chloride, lead acetate, and silver nitrate yield 
amorphous yellow precipitates when added to an ammoniacal 
solution of the acid. 

According to Lieben and Haitinger, however, these so-called 
tribasic salts of chelidonic acid belong to a new acid, produced 
by taking up the elements of water and containing two 
hydroxyls besides two carboxyl groups, this, new acid in the 
free fltate readily passing into chelidonic acid. 

If chelidonic acid be boiled with ammonia, chelidonamic add, 
C7IT7NO3, is produced, a body standing in the same relation to 
chelidonic acid as comenamic ^cid to comenic acid,, and like the 
first-named, yielding pyridip when heated with zinc dust.* 

^ Ost, Jmm. Prakt, Chem, [2],. zziii. 263. 

* Ann, C7iem. Pharm, xxix. 116. ^ ' . »• Ih, Ivii. 278. 

4 Lieban and Haitinger, Bet, DetUach, Chem, Ges, xvn 1259 ; Liet^enmayer, 
Jdwm, Prald, Ckem. [2], xxvii. 292. , 
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By boiling with lime, chelidonic acid is completely resolved 
into acetone and oxalic acid (Lieben and Haitinger), and from 
this the following constitutional formula for chelidonic acid may 
be deduced : 


CO.OH 

1 

CO.OH 

circH 

1 1 

(io.OH 

0 CO + 3H„0 


1 1 

CO.OH 

6-ch 

1 

cSo.OH 

CO.OH 




As will be further explained under pyridin, the above formula 
explains in a simple manner the relation between these two 
bodies. 


Acids dehived from Potassixim Carboxide. 

908 Berzelius and Wohler were the first to observe that in the 
preparation of potassium by Brunner’s method a grey or black 
porous mass is formed, Gmelin noticed that this body changes 
colour on exposure to air, first becoming green and afterwards 
yellow ; and by the addition of a small quantity of water he 
obtained a yellow solution, whilst a cochineal-red powder 
remained behind, a substance which had already been noticed 
by Berzelius and Wohler. In the solution he ascertained the 
presence of the potassium salt of a peculiar acid, and, as the 
acid itself as well as many of its salts exhibited a yellow colour, 
he gave to it the name of crocmic acid (from tepoKSv, saffron).^ 
This subject was then further investigated by Liebig, who 
stated that he had already expressed the opinion that carbon 
monoxide could be regarded as a radical, of which carbonic acid 
and oxalic acid were oxidation -products, whilst phosgene was ita 
chlorine compound. He then continued : “ In the pursuit of 
this idea I have arrived at most remarkable and interesting 
results, which would seem to prove that these resemblances are 
not confined to the compounds just described.” He found in fact 
that pure carbon dioxide combines with heated potassium, form- 
ing a black mass which is violently decomposed by water, 

^ Pogg , Ann , iv. 81. 
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hydrogen being evolved, together with some hydrocarbon, as the 
gas burns with a strongly luminous flame. On evaporating the 
solution he obtained potassium croconate, and potassium oxalate, 
and at the same time he noticed tho formation of the cochineal- 
red body.^ 

E. Davy then pointed out that when the potassium carboxido 
formed in the preparation of potassium is treated with water, 
the hydrogen evolved contains a “new gaseous bicarburet of 
hydrogen,*’ afterwards recf)gnized as acetylene.® 

At the same time Heller examined the cochineal-red Sub- 
stance and found it to bo the potassium salt of an acid which 
he terh^ed rhodizonic acid (from poStfo), I colour rose red), because 
its salts exhibit a colour varying from rose -red to a deep carmine- 
red.® He also further examined croconic acid, and these two 
acids were then made the subjects of investigation by several 
other chemists. 

By passing carbon monoxide over warmed potassium, Brodio 
found that at about 80® arborescent crystalline growths made 
their appearance on the metal, the whole finally forming a grey 
crystalline mass. Up to this point tho absorption of gas was 
slow, but after this the action became violent, and the grey mass 
was transformed, with evolution of heat, but without change of 
form, into thq dark red compound (COK)„, a substance decom- 
posed by water with extreme violence, and often undergoing 
sudden spontaneous decomposition. As the grey compound 
formed at first is so easily decomposed, it has not been found 
possible to obtain it in the pure state ; its formula, however, is 
most probably (COKg)!!.'* 

Lcrch, who employed the potassium carboxide obtained in 
the preparation of potassium, found that this substance is not 
affected by dry air, but that in moist air it oxidizes, the black 
mass becoming first grey, then again black, and passing through 
green and red until finally it becomes yellow. No further ' 
change then takes place, and the product yields only croconic 
and oxalic acids. If, however, the black mass be treated with 
hydrochloric acid, air being excluded, colourless trihydro- 
carboxylic acid is produced; 

CioKioOio + lOHCl = C, ,11, ,0,0 + lOKCl. 

^ Ann, Chem, Pharm. xi. 182. ^ Brit, 1836, p. 62. 

* Joum. Prakt, Chem, iii. 193. ^ Chem, Soc, Jmvm, xii. 269. • 
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From this reaction it might be assumed that potassium car- 
boxide is the potassium salt of this acid. But as this acid is 
tetrabasic, potassium carboxide must contain six potassium atoms 
combined in a different manner to the rest.^ 

The action of water upon potassium carboxide is very differ- 
ent from that of hydrochloric acid. Equal volumes of hydrogen 
and acetylene are evolved and potassium rhodizonate is formed 
together with caustic potash. To explain the reaction which 
takes place it must be assumed that potassium carbonate is 
also formed : 

2C1OH10O1O + I2H2O = + SCgHg + 2 C 5 H 2 K 20 g + 

8KOH + 4CO3K2. 

909 Trikydrocarhoxylic Acid, is best obtained by 

reducing the compound next to be described by means of zinc and 
sulphuric acid or sulphuretted hydrogen. That it may also be 
got from freshly obtained potassium carboxide has already 
been stated. In its preparation air must bo excluded. It 
crystallizes in needles possessing a silky lustre, and dissolves 
much more readily in water than in alcohol. The solution ex- 
hibits an acid reaction. In the moist state or in solution it 
acquires a red colour by absorption of oxygen, and this is also 
the case with its salts. 

Dihydrocarhoxylic Acid, is the first product of 

oxidation of the preceding compound. For its preparation, 
potassium carboxide is decomposed in presence of air by means 
of alcohol containing hydrochloric acid, and the red solution 
produced is evaporated. It forms cither pure black crystals 
exhibiting a metallic lustre, or thin, transparent yellow trichroic 
crystals. These do not alter on exposure in the air, provided 
this bo free from ammonia. The acid dissolves readily in hot 
water, the solution exhibiting a red-violet dichroism. Its salts 
oxidize readily, forming compounds of the following acid. 

Oarloxylic Acid, C1QH4O1Q, is not known in the free state, as, 
when its salts are decomposed by acids, it is converted into 
rhodizonic acid by taking up water ; 

CioHAo + 2H20«2C,H40g. 

Potassium Garhoxylates, The normal salt, is red in 

colour and is obtained by the oxidation of the black potassium 

^ Lerch, Wim, Akad» Ber. xlv. [2], 721 ; Abstract, Ann, Ckem, Phami. 

• oxxiv. 20. 
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dihydrocarboxylate. The monacid salt, C10HK3O1Q, forms green 
crystals, whilst the diacid salt, is a red powder. 

910 Rhodizonic Acid, CgH^Og, forms hard, colourless crystals 
containing one molecule of water of crystallization, which they 
lose at 100®, and then become black. The acid dissolves readily 
in water and alcohol, and its aqueous solution, on warming, be- 
comes first yellow-coloured and then red. Its salts have been 
examined by Will.^ 

Acid Potassium Rhodizonate, CBHgKgOg + HgO, forms a soft, 
cochineal-red-coloured powder. It is difficultly soluble in c6ld, 
but dissolves more readily in hot water. Its neutral solution 
has a* dark reddish-yellow colour, which changes to a pale 
yellow on addition of an alkali. When heated to between 
120® and 150® it loses its water of crystallization. 

Add Barium Rhodizonate, CgHgBaO^ HgO, is obtained as 
a beautiful red precipitate by adding barium chloride to a solu- 
tion of the potassium salt. On drying it forms a dark brown 
powder, which acquires under the burnisher a cantharidine 
lustre. 

Silver Rhodizonate, CgHAggOg, is formed as a dark purple-red 
precipitate by addition of silver nitrate to a solution of the 
potassium salt, the latter solution which was at first neutral thus 
acquiring antacid reaction. Rhodizonic acid is therefore a 
tribasic acid, exhibiting a close analogy to orthophosphoric acid. 

91 1 Groconic Acid, CgHgOg. This acid, which has been 
carefully examined by Will and Lerch, is formed when an 
alkaline solution of rhodizonic acid is evaporated ; 

c^ha^c^ha + h^o. 

At the same time oxalic acid is formed together with a brown 
smeary mass. 

It ciystallizes from water or alcohol in pale sulphur-yellow 
grains or plates, which contain three molecules of water and 
have a bitter acid taste. Its salts have been examined by 
Gmelin, Heller, Will, and Lerch. 

Potassium Crocouatc, O^KgOg, crystallizes from liot water in 
reddish-yellow needles which contain water. These are but little 
soluble in cold water, and do not dissolve in alcohol. In taste 
it resembles saltpetre, and it loses its water of crystallization 
below 100®, becoming of a light lemon-yellow qolour, * 

I 

^ Ann, Chem, Phann, cxviii. 187. 
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The barium and calcium salts are lemon-yellow precipitates, 
whilst the strontium salt crystallizes in plates which are readily 
soluble in water ana alcohol. 

Copper GroconatCy C^CuOg + SHgO. This characteristic salt is 
produced when hot solutions of potassium croconate and copper 
sulphate are mixed together. On cooling it separates out in 
small rhombic prisms, the faces of which have a semi-metallic 
lustre and exhibit a deep blue reflection. By transmitted light 
it has an orange-brown colour. An admixture of smaller crystals 
also formed presents the appearance of a dark violet powder. 
When powdered the salt has a lemon-yellow colour, and accord- 
ing as it is more finely powdered it exhibits to a greater degree 
its peculiar power of reflecting light.^ 

Silver GroconatCy CgAggOg, is an orange-red powder, which 
when heated decomposes with evolutions of sparks. 

Hydrocroconic Acid, OgH^Og, is produced when croconic acid 
is heated with hydriodic acid, and if the product be poured into 
alcoholic potash solution, the potassium salt is precipitated. If 
this be decomposed with an acid and then treated with alcohol- 
ether, a yellow solution of hydrocroconic acid is obtained, and on 
evaporation the acid remains as a yellowish-brown viscid mass, 
exhibiting a strong acid reaction. 

Potassium Hydrocroconate, CgHgKgOg, crystallizes from hot 
water in red needles, the faces of which exhibit a bluish-violet 
lustre. Its blood-red solution acquires a yellow colour in the air, 
and this takes place quickly in presence of an alkali, potassium 
croconate being formed together with a little potassium oxalate. 

Barium Hydrocroconate, CgHgBaOg, is a beautiful peony-red 
crystalline precipitate, which is insoluble in acetic, but dissolves 
in hydrochloric acid. If the solution be warmed barium cro- 
conate crystallizes out (Lerch). 

Hydrothiocroconic Acid, CgH^SO^, is produced by the action 
of sulphuretted hydrogen on croconic acid. It forms a reddish- 
yellow gum-like mass, which dissolves readily in water and has 
a strongly acid reaction. It is a dibasic acid. The salts of the 
alkali-metals are readily soluble, and crystallize in garnet-red 
needles with bluish-green and violet lustre j the other salts 
form red precipitates. By the action of alkalis these salts are 
transformed into croconates (Lerch). 

OxycToconic Acid, CgHgOg, was obtained by Will by the action 
of chlorine or nitric acid on potassium croconate, and he termed 
Gmelin, Ann, Chem, Pharm, xxxvii. 58. 
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it leuconic acid. It forms a gum-like, readily soluble mass, which 
when heated to 100® or treated with reducing agents again forms 
croconic acid. The acid potassium salt, CgH^KOg, is obtained 
as a difficultly soluble precipitate by saturating a concentrated 
solution of the acid with potassium carbonate. The harium 
salt, (C5HgOy)2Ba3, is a yellowish-white precipitate, whilst the 
silver salt, C^HgAggOg, is a light yellow precipitate which when 
dried at 100*" acquires a greenish-yellow colour (Will). 

The oxycroconates are easily retransformed into croconates, 
especially if an alkali be present (Lerch). • 

Nothing is known as to the constitution of the remarkable 
compounds which have been described in the four preceding 
pages. 


TETRINIC ACID GROUP. 

912 The compounds of this group were discovered by E. 
Demara(;ay, who obtained them by the action of bromine on the 
ethyl salts of methylacetacctic acid and its homologues, and sub- 
sequent treatment of the product with alcoholic potash.^ The 
acids so obtained exhibit the following remarkable composition : 

Tetrinic acid, (€411^02)31120. 

Pentinic acid, (0511002)31120. 

Hexinic acid, (C0HgO2)3H2O. 

Heptinic acid, (C7Hi0O2)8H2O. 

Still more remarkable appears to be the composition of the 
salts of these acids. Thus tetrinic acid, obtained from ethyl 
methylacetacetate, yields amongst others the following ; 

5(C4H402)2(NH4)20. 

5^C4H402)2Ag20. 

5(C4H405j2BaO. 

2(04H4O2)BaO,H2O, &c. 

Tetrinic acid would have the following constitution : — 

CO— CO 


^ Ann. Chim. Phys. [5], xx. 433. 
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or, including the water which it contains 

O 


HO — C — O — O — O — C — Oil 

/\ /\ /\ 

CHa CO CH^CO COoCO 

\/ \/ \/ 


CH, 


CH 


CH, 


As these acids all crystallize well and are produced by so simple 
a reaction, the above formulie do not appear very probable, and 
consequently the subject has been further investigated by 
Pawlow^ and Fittig, and Schultz.® These chemists find that 
tetrinic acid has the constitution CgH^Og, being formed from 
ethyl monobrommethylacetaeetate by spontaneous deeomposi- 
tion, slowly in the cold and more quickly on heating, according 
to the following equation : 

C.HeBrO.CO.OO.Hg + H^O = C,H,O.CO.OH 
+ BrH + CgH^.OH. 

It is, like its homologues, a monobasic acid, being most proba- 
bly aceto-dcrylic add, CHg.CO.OH == CH.CO 2 H. 

From its hot aqueous solution it separates on cooling in 
feathery crystals, whilst by spontaneous evaporation it is obtained 
in compact triclinic prisms which melt at 189'^. This acid and 
its homologues give with ferric chloride an intense rcd-violct 
colouration. 


THIOPHENE, C,H^S. 

913 Victor Meyer observed ® that benzene prepared from 
coal-tar exhibits properties diflferent from those of benzene 
prepared from benzoic acid,^ inasmuch as the latter does not 
yield a blue colouration when treated with isatin and strong 
sulphuric acid, whilst the former gives, under these conditions, 
an intense blue colour. He likewise noticed that benzene from 
tar ceases to give this reaction after it has been well shaken 
vdth concentrated sulphuric acid. This singular difference is 
caused, according to Meyer, by the existence in coal-tar benzene 

* Ber. Dcutsch, Chem. Oes. xvi. 1870. * Ih. xvi. 1930. 

■ Victor Meyer, Ih, xv. 2893, xvi. 1465, 1624, 2172, 2968. 

* Or rather from benzoic acid prepared from the gum, from urine, or from 
toluol ; the acid obtS^ned from benzo-sulphuric acid, on the other hand, gives the 
reaction in question. 
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of a sulphur compound, thiophene, C 4 H 4 S, present, however, 
only in very small quantities, the average amount being about 
0‘5 per cent., but occumng in the purest samples of commercial 
benzene. 

For the preparation of thiophene, tar benzene is shaken up 
with a quantity of strong sulphuric acid insufficient to dissolve 
it entirely ; the sulpho-acid converted into the lead-salt, this 
mixed with sal-ammoniac, and the whole distilled. 

The distillate, which consists of a mixture of thiophene and 
benzene, is subjected to the same treatment, and the oil then 
obtained dried over calcium chloride and rectified on the 
water-ibath. 

Thiophene is also obtained, but in relatively small quantities, 
when ethylene or acetylene is passed through boiling sulphur. 
It is a colourless, slightly smelling, powerfully refracting liquid, ' 
boiling at 84°, and having a specific gravity of 1*062. 

The formation of the characteristic blue colour in contact with 
isatin and sulphuric acid, with formation of indophenin, is repre- 
sented by the following equation : 

C4H4S -h CgHfiNOg « CigHyNOS -f HgO. 

Thiophene gives the same blue reaction with benzoylformic 
.acid, benzil, phenanthrenquinon, and other bodies containing 
the group COZICO. 

Bromine acts readily on theophene with formation, first of 
Monohromthiophene, C 4 H 3 BrS, and afterwards of Dihromthiophene, 
C 4 H 2 Br 2 S, and lastly of Tetmhromthiophene, C 4 Br 4 S. The first 
of these compounds is a colourless oil, boiling at 150°; the 
second a liquid boiling at 211 °, and the third a well-crystallized 
solid, melting at 112 ° and boiling at 326°. On treatment with 
sulphuric acid, thiophene forms a sulpho-acid, 04 HgS.S 03 H, and 
the potassium salt of this acid yields, on distillation with potassium 
cyanide, Thiophcnitril, C4H3S.CN. This compound closely re- 
sembles benzonitril; it boils at the same point, 190°, even 
possesses the same characteristic smell of bitter almonds, and 
like this, it can be converted into a corresponding carboxy-acid, 
C4H3S.CO.OH. This thiophenic acid melts at 118°, that is 3° 
below benzoic acid, and boils without decomposition at 258°. 
In other respects thiophene exhibits close analogy with benzene. 
Thus it yields condensation products with chloral and methylal, 
which resemble those of benzene. Indeed, the well known 
Friedel-Craft’s reaction can be obtained with thiophene, so 
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that by tho action of benzoyl chloride and aluminium chlorides 
a body analogous to benzophenone, viz. ThienyUphenyl-ketone, 
C4H3S — CO — CflHfj, can be prepared. 

This close analogy between thiophene and benzene renders it 
probable that both bodies possess a similar constitution. Thus 
thiophene may be considered as benzene in which an acetylene- 
group, CHZICH, has been replaced by an atom of sulphur. 
Its empirical formula, on the other hand, points rather to a 
relationship with tetrol, C4H4O, and pyrrol, C4H4.NH, and 
although the direct connection between these three bodies has 
not yet been made out, their analogous behaviour with isatin 
and sulphuric acid renders such a connection mop* than 
probable. 

The relations between benzene, thiophene, tetrol, and pyrrol 
may be exhibited as follows : 

Tetrol. 

Benzene. (Furfnran.) Thiophene. Pyrrol. 

HC— C HC— CH HC— CH HC— CH 

// \ ^ 

HC CH HC CH . HC CH HC CH 

\/ \/ \/ 

HC*CH 0 S NH 
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A. 

Acajou gam, 572 
Acetal, 67 
Acetaldehyde, 11 
Acetates of cellulose, 583 
Acetates of dextrose, 544 
Acetates of dulcitol, 491 
Acetoacetic acid, 172 
Acetoacetic ethyl ether, 172 
Aceto-acrylic acid, 631 
Aceto-chlordeztrose, 545 
Acoto-chlorhydrin, 366 
Aceto-chlorhydrose, 545 
Aceto-dichlorhydrin, 366 
Aceto-glyceral, 353 
Acetoglycollic acid, 86 
Aceto-guanamine, 341 
Acetolactic acid, 139 
Aceto-malonic ether, 20 
Acetone, 11 
Acetonic acid, 170 
Aceto-uitrose, 545 
Acetopyromeconic acid, 621 
a-Acetopropionic acid, 21 
Aceto-succinic other, 20 
Acetoxacetic acid, 86 
Acetyl acetic etiier, 173 
Acetyl furfurin, 604 

* Acetyl-furoin, 605 
Acetyl-pyrrol, 611 

Acetylene, 448, 450 ; synthesis, 450 ; 
preparation, 452 ; properties, 454 ; 
substitution-products o^ 458 
Acetylene dibromide, 458 
Acetylene dicarboxylic acid, 474 
Acetylene dichloride, 457 
Acetylene di-iodide, 458 
Acetylene, haloid ethereal salts of, 
457 

Acetylene, metallic compounds of, 455 
Acetylene series, hydi^carbons of, 448 
Acetylene tctrabromide, 458 

• Acctylene-^tetracasbof ylic acid, 426 


Acetylene tetrachloritle, 457 
a-Acetylpropioiiic acid, 247 
iS-Acetylpropionic acid, 249 
Achrodextrine, 564 
Acid ammonium malate, 200 
Acid ammonium oxalate, 113 
Acid ammonium purpurate, 314 
Acid ammonium urate, 296 
Acid barium rhodizonate, 628 
Acid butine tetrasulphate, 483 
Acid calcium citrate, 434 
Acid calcium lactate, 137 
Acid calcium malate, 201 
Acid calcium tartrate, 225 
Acid compounds of glycocoll, 93 
Acid dulcitan pcntosulphato, 491 
Acid ethyl fumarate, 211 
Acid ethyl malate, 203 
Acid ethyl meconatc, 617, 618 
Acid ethyl oxalate, 117 
Acid ethyl succinate, 188 
Acid ethyl tartrate, 230 
Acid cthj^lene succinate, 190 
Acid lithium urate, 295 
Acid potassium oxalate, 112 
Acid potassium purpurate, 315 
Acid potassium pyrotartrate, 254 
Acid potassium racemate, 235 
Acid potassium rhodizonate, 628 
Acid potassium saccharate, 596 
Acid potassium tartrate, 224 
Acid potassium urate, 295 
Acid propenyl disulphate, 358 
Acid propenyl trisulphate, 358 
Acid radicals, compounds of the, 
379 

Acid silver maleate, 213 
Acid silver purpurate, 315 
Acid sodium maloiiate, 157 
Acid sodium oxalate, 112 
Acid sodium urate, 295 
Acid sulphates of mannite, 486 
Acid tartar emetic, 228, 

Acid tartareux cmpyrm7nciUq%ie, 153 
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Acid iirique, 290 
Acide allAiitoii^ue, 322 
Acide citracartique, 444 
Adde pyrotartareux, 153 
Adde pyroterebiliquo, 412 
Acido ossieritrico, 300, 302 
Addum lactis s, galacticu7tif 133 
Acids derived from potassium carboxide, 
625 

Acids having composition CqTTkjOj, 124 
Acids having the composition Hg 02, 
407 

Acids of the series Ciill 2 ii- 402 t 474 
Aconic acid, 446 
Aconitic acid, 437 
Acraldehydc, 403 
Acrolein, 396 
Acrolein acetal, 399 
Acrolein ammonia, 398 
Acrolein hydrochloride, 397 
Acropinacone, 398 
Acryl colloids, 402 
Acryl compounds, 396 
Acrylaldchyde, 396 

Acrylic acid, 379, 396, 401 ; substitu- 
tion-i)roducts of, 401 
Adipic acid, 20, 23, 267 ; substitution- 

J products of, 269 
ipomalic acid, 269 
AgMoile, 204 
Alacrcatine, 143, 144 
Alacreatinino, 144 
Alanin, 142 

Alcohols having formula OaHigO, 411 

Alcohols of the scrips aO, 471 

Alcohols of hexatoniic radicals, 483 

Alcohols of tetratomic radicals, 481 

Aldehyde-ammonia, 74 

Aldehyde bases, 75 

Aldehyde-ether, 403 

Aldehydes of oxalic acid, 101 

Aldincs, 75 

Aldol, 168 

Aldol-ammonia, 169 

Allantoic acid, 299, 823 

Allantoin, 299, 322 

Allantoin group, 322 

Allanturic acia, 299, 324 

Allene, 462 

Allidenc, 899 

Allidenc compounds, 399 

Allidene chlorethylate, 399 

Allidenc diacetate, 399 

Allidene dichloride, 399 

Allidene diethyl ether, 399 

Alloxan, 291, 293, 298, 300, 314 

Alloxan group, 299 

Alloxanic acid, 298, 302 

Alloxantin, 304, 305, 311 

Allyl, 381 

Allyl acetate, 385 

Allyl-acetic acid, 410 

Allyl-acetone, 411 

Allyl alcohol, 381 


Allyl borate, 384 
Allyl bromide, 383 
Allyl, carbamide compounds of, 393 
Allyl carbamine, 388 
Allyl carbimide, 388 
Allyl chloride, 383 
Allyl compounds, 381 
Allyl cyanamide, 395 
Allyl cyanformate, 385 
Allyl, cyanogen compounds of, 388 
Allyl diethyl carbinm, 417 
Allyl di-isopropyl carbinol, 417 
Allyl dipropyl carbinol, 417 
Allyl dithiocarbamic acid, 395 
Allyl, ethereal salts of, 383 * 

Allyl ethers, 383 
Allvl formate, 884 
Allyl hydrosulphide, 886 
Allyl iodide, 383 
Allyl isocyanate, 388 
Allyl mercury hydroxide, 384 
Allyl mercury iodide, 384 
Allyl methyl propyl carbinol, 417 
Allyl nitrate, 384 
Allyl, nitrogen bases of, 387 
Allyl oxalate, 385 
Allyl oxide, 883 
Allyl sulphide, 386 
Allyl, sulphur compounds of, 386 
Allyl thiocarbimide, 389 
Allyl thiocyanate, 389 
Allyl- thio-urea, 394 
Allyl urea, 893 
Allylamine, 387 
Allylene, 459 
Allylene dibrpmide, 461 
Allylene, di-iodide, 462 
Allylene, haloid ethereal salts of, 
461 

Allylene, metallic compounds of, 460 
Allylene tetrabromide, 461 
Allvlcne tetrachloride, 461 
Althaino, 204 
Amalie acid, 887 
Amber oil, 182 
Amenyl- valeric acid, 418 
Amethenic acid, 284 
Amides of the oxyacids, 18 
Amidisethionic acid, 55 
Amido-acetamide, 18 
Amidacetio acid, 17, 192 
Amido acids, 17 
Amido-barbituric acid, 298 
Amido-compounds of glycolyl, 91 
Amido-compouiids of lactyl, 142 
Amido-compounds of malic acid, 204 
Amido-compounds of oxalyl, 118 
Amido-cafleine, 336 
Amido-caproic acid, 261 
Amido-comenic acid, 619 
Amido-dimethyl-propionic aqid, 246 
Amido-glutanio acid, 251 
Amido-glycerol, 877 
Amido-glycolamide, 94 
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Aini(lo-isocai>roic acid. 264 
Amidomalonic acid, 169 
Amido-malonyl-urea, 307 
AmidoparalactaTnide, 149 
a-Amidopentoic acid, 248 
a-Amidopropionic acid, 142 
jS-Amidopropionic acid, 163 
Amidopropionitril, 144 
Amidopyromcconic acid, 622 
jS-Amidovaleric acid, 246 
Amidosuccinaraic acid, 204 
Amidosuccinic acid, 205 
Amidosucciuuric acid, 321 
a-Amidovaleric acid, 245 
Ammonium adipate, 269 
Ammonium di-i^tliionate, 57 
Ammonium isethionate, 64 
Ammonium mesozalate, 161 
Ammonium salt, 74 
Ammonium succinate, 186 
Ammonium sucrate, 625 
Ammonium tartryl arseuite, 228 
Amyl angelate, 408 
Amyldecaldehyde, 417 
Amyldecatoic acid, 417 
Amyl diethyl-oxyacetate, 266 
Amyl ether, 181 
Amyl-^anamino, 342 
Amyl-nydroxalic acid, 272 
Amyl oicalate, 117 
Amyltiglate, 408 
Amylene, 240, 283 
Amylene bromide, 243 
Amylene chloride, 243 
Amylene chlorhydmto, 243 
.Amylene glycol, 9, 248 
Amylene nitrite, 243 
Amylene nitrosochloride, 244 
Amylene oxide, 243 
Amylethyl acetacetate, 267 
Amylodeztrine, 566 
Amyloid, 676 
Amyloses, the, 664 
Amylum, 664 

Amylum, metallic compounds of, 661 ; 
ethereal salts of, 661 ; nitra^ of, 
661 

Anchoio acid, 287 
Anglic acid, 407, 410 
” Anhydrides of tartaric acid, 232 
Antimony potassium oxalate, 116 
Antimony sodium oxalate, 115 
Antimony tartrate, 228 
Antimony tartrates, 226 
Apocaifeine, 336 
Aposorbic acid, 550 
Arabic acid, 669 
Arabin, 669 
Arabinose, 649 
Argentacetyl oxide, 457 
Argentous citrate, 435 
Arrowroot, 666 ; gnuiules, 667 
Arsenic bases of ethylSne, 67 
• Asparagine, 204 . 


Aspartic acid, 206 
Assamar, 566 
Azelaic acid, 267, 287 
a-Azelaic acid, 23, 288 
Azulmic acid, 300 


B. 

Banrune oil, 480 
Barbituric acid, 298, 306 . 

Barium hexhexone sulphate, 486 

Barium hydrocroconate, 629 

Barium isethionate, 54 

Barium maleate, 212 

Barium malonate, 167 

Barium mesozalate, 161 

Barium oleate, 421 

Barium propenyl trisulphonate, 374 

Barium salt, 328 

Barium succinate, 187 

Barium sucrate, 527 

Barium violurate, 309 

Basic sodium lactate, 137 

Bassic fat, 369 

Bassora gum, 672 

Bassoriii, 672 

Beef suet, 369 

Beet-root su^r, 504 

Behenolic acid, 477 

Benylene, 470 

Benzene, 633 

Benzone, 162 

Betaine, 95 

Bilineurine, 64 

Bicarburet of hydrogen, 162 

Bleaching of cotton, 689 

Boletic acid, 209 

Borate of ethylene, 49 

Bomesite, 553 

Boron tartrates, 228 

Brassic acid, 23 

Brassidic acid, 424 

S " lie acid, 289 
gum, 565 

Bromacetyl cyanide, 169 
Bromacrylic acid, 377 
a-Bromaciylic acid, 402 
i9-Bromacry]ic acid, 402 
Bromalides, 148 
iB-Bromallyl alcohol, 885 
iS-Bromallyl ether, 386 
a-Bromallyl ethyl ether, 385 
/3’Bromallyl nitrate, 386 
Bromcaffein, 336 
Bromcomenic acid, 619 
Bromethylene, 448 

Bromethyl-triethyharsonium bromide, 
67 

Bromethyl-triethyl-phosphonium bro- 
mide, 66 

Bromfumaric acid, 214, 217 
Brominated valeric acids, 408 
Bromisobutylene, 165 
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Bromhezylone, 258 
Bromhydro-et^l-crotonic acid, 414 
Brommaleic acid, 214, 217 
Brommaleic anhydride, 214 
Brom-methyl-ethyleuo, 414 
Bromoxylbromcomeiiic acid, 620 
a-Brompropionic acid, 14, 20, 141 
3-Brompropionic acid, 152 
a-Brompropylene, 132 
j3-Brompropylene, 132 ' 

a-Bromyaleric acid, 244 
Brompyromeconic acid, 621 
Buckwheat-starch granules, 559 
Butalanine, 245 
Butallyl-methyl carbinol, 411 
Butonyl alcohol, 377 
Butenyl dibromhydrin, 378 
Butenyl-gycerol, 378 
Butine, 4o3, 482 
Butine compounds, 462 
Butine, dichlorhydrate, 482 
Butine glycol, 482 
Butine tetrabromidc, 463 
Butine tetrachloride, 463 
Butine tetranitrate, 483 
Butter, 369 
Butyl chloral, 166 
Butyl chloral hydrate, 167 
Butyl-cthylcne, 257 
Butylene, 163 
a- Butylene, 163 
jS- Butylene, 163 
o- Butylene bromide, 163 
^-Butylene bromide, 164 
Butylene compounds, 162 
Butylene glycol, 9 
o-Butylene glycol, 163 
/3-Butylene glycol, 164, 168 
7 -Butylene glycol, 164 
Butyrene, 162 
Butyrins, 366 
Butyrofuronic acid, 613 


C. 

Caffeidine sulphate, 338 
Caffeidine, 338, 340 
Catfeine, 331, 332, 339 
Gaircine acetate, 334 
Caffeine sulphate, 334 
Caffeine, test for, 338 
Caffolin, 337, 340 
Caffuric acid, 337, 340 
. Calcium acetoglycollate, 86 
Calcium acetylide, 455 
Calcium aconitate, 439 
Calcium acrylate, 401 
Calcium angelate, 408, 409 
Calcium diglycollate, 88 
Calcium dilactate, 137 
Calcined farina, 665 
Calcium gluconate, 643 
Calcium glycerate, 376 


Calcium glycollate, 84 
Calcium glyoxylate, 104 
Calcium hydracry late, 151 
Calcium hydrosorbate, 415 
Calcium isosuccinate, 197 
Calcium lactate, 137 
Calcium lactonate, 649 
Calcium Iscvulinate, 250 
Calcium malonate, 157 
Calcium mesotartrato, 239 
Calcium oxalate, 113 
Calcium paralactate, 149 
Calcium pyruvate, 155 
Calcium racemate, 235 
Calcium salt, 408 * 

Calcium succinate, 187 
Calcium sucrates, 525 
Calcium taftrate, 225 
Calcium tiglate, 410 
Calx saccharata, 113 
Cane-sugar, 496 ; analysis of, 519 
adulterations of, 520 ; properties of, 
522 

Caprylidene, 470 
Caprylene, 275 
Carballylic acid, 428 
Carbamide compounds of allyl, 393 
Carbamide compounds of glycolyl, 
96 

Carbamide compounds of oxalic acid, 
122 

Carbamide and guanidine compounds 
oflactyl, 143 

Carbohydrates, 494 ; the sugar group, 
494 ; the amylose group, 496 
Carbon compounds containing ten to 
fifteen atoms, 417 
Carbopyrrolamide, 610, 615 
Carbopyrrolic acid, 610, 615 
Carbothialdine, 76 
Carboxylic acid, 627 
Carburetted hydrogen, light and heavy, 
28 

Carbyl sulphate, 53, 56 
Oarnine, 329 
Cellulose, 574 
Cellulose, acetates of, 583 
Cellulose dinitrate, 581 
Cellulose, ethereal salts of, 577 ; nitrates 
of, ib. 

Cellulose, technical uses of, 585 

Cerasinosc, 549 

Cerasin, 570 

Cerotene, 286 

Cerylene, 286 

Cctene, 285 

Cctenylcne, 470 

Cetylene, 285 

Cctylene chlorhydrin, 285 

Cetylene dibromide, 285 

Cetylene oxide, 285 

Chelidonic acid, 624 

Chelidonaniic acfd, 624 

Chinese wood oil^ 4^0 
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a-Chloractylic acid, 401 
/3-Chloracrylic acid, 401 
Ghloracetic acid, 5 
Chloral alcoholato, 78 
Chloral-ammonia, 80 
Chloral hydrate, 14, 38, 78 
Chloralido, 147 
a-Chlorallyl acetate, 385 
i8-Chlorallyl acetate, 385 
/3-Chlorallyl chloride, 462 
a-Chlorallyl ethyl ether, 385 
i3-Chlorallyl ethyl ether, 385 
Chlorallylthiocarbimide, 391 
/3-Chlorbutyraldehyde, 404 
jS-Chlorbutyric acid, 404 
Chlorcaffeine. 336 
Chlorcitramalic acid, 444 
Chlorcitrio acid, 438 
Chlorcomenic acid, 619 
a-Chlorcrotonie acid, 405 
^-Chlorcrotonic acid, 406 
* Chlordiethylin, 352 
Chlordimethylmethylene chloride, 

356 

Chlorethylene dithiodichloride, 53 
Chlorethyl-triethyl-phosphonium 
chloride, 66 
Chlorhydrin, 353 
Chlorhydrin sulphonic acid, 374 
Chlorhydrinimide, 875 
Chlorine substitution-products of 
ethylene, 41 
Chlorisethionic acid, 55 
Chlorisocrotonic acid, 406 
Chlorisopropyl alcohol, 128 
Chloritamauc acid, 442 
Chlormalcic acid, 228 
Chlormaleyl chloride, 228 
Chlormesamalic acid, 444 
Chlormonacetin, 366 
Chlormuconic acid, 599 
Chloroxalethylino, 119 
i3-Chlorpropidenc chloride, 398 
a-Chlorpropionic acid, 140 
/3-Chlorpropionic acid, 162, 401, 405, 
397 

a-Chlorpropionyl chloride, 140 
a-Ohlortetrabromethane, 459 
Chlortetracrylic acid, 406 
Chlorsuberancarboxylic acid, 281 
Cholestrophane, 318, 335 
Choline, 63, 64 
Cimicicacid, 418 
Citrabrompyrotartaric acid, 443 
Citrachlorpyrotartaric acid, 443 
Citraconic acid, 439, 443 
Citraconic anhydride, 443 
Citradibrompvrotartaric acid, 444 
Citramalic acid, 443 
Citratartaric acid, 444 
Citrates, the, 438 
Citric acid, 430 „ 

Citric acid ethereal salts, 436 
Citric acid, reactions of, 435 


Citridic acid, 438 . 

Coco-nut oil, 369 
Ctcrium tartrate, 225 
Collodion, 581 
Comenamic acid, 619 
Comenamide, 619 
Comcnates, 618 
Comenic acid, 618 

Compounds containing ten to fifteen 
atoms of carbon, 417 
Compounds containing diatomic or di- 
valent radials, 3 

Compounds of hexad alcohol radicals, 
484 

Compounds of the monad-alcohol radi- 
cals, CnHsn— 1 » and of the acid radi- 
cals, Ct.H„_ 30, 379 
Compounds of sugar and salt, 629 
Compounds of totrad alcohdl radicals, 
481 

Compounds of trivalent or triad radi- 
cals, 343 

Copper acetylide, 459 
Copper ainiiiocaproate, 263 
Copper croconatc, 629 
CopiJerglycollatc, 84 
Copper leucate, 261 
Copper pyruvate, 155 
Copper tartrate, 226 
Cork or cuticular substances, 585 
Cotton, 586 ; bleaching, 589 
Cotton-wool, 585 
Creatine, 98, 144 
Creatinine, 99 ; salts, 100 
Creatinine zinc chloride, 100 
Cremor tartari 8olubilis^ 229 
Croconic acid, 625, 628 
Crotoconic acid, 446 
Croton chloral, 166 
Crotonaldehydc, 403 
a-Crotonaldehyde, 403 
Crotonic acid, 379, 403 
a-Crotonic acid, 404 
iB- Crotonic acid, 405 
Crotonitril, 404 
Crotonylene, 462 
Crotonylene tetm-bromide, 463 
Crotyl alcohol, 402 
Crotyl compounds, 402 
Crotyl iodide, 402 
Cuproso-acetyl chloride, 456 
Cuproso acetyl hydroxide, 456 
Cuproso-acetyl oxide, 456 
Cuprous acetylide, 455 
Cuprous allylide, 460 
Cuprous dipropinyl, 467 
Cyanacetic acid, 158 
Cyanacetyl bromide, 1 59 
Cyancarbionic acid, 122 
C^anformic acid, 122 
Cyanogen, 122, 123 
Cyanogen compounds of ollyl, 388 
a-Cyanpropionic acid, 20 
fi-Cyanpropionic acid, 195, 197 
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D. 

Damalurio acid, 416 
Damolic acid, 416 
Dambose, 553 

Dambose dimethyl ether, 553 
Dambose methyl ether, 553 
Dambosite, 553 
Decatylene, 285 
Deceiiyleiie, 470 
Dehydrocetic acid, 170 
Dehydi'omiicic acid, 600 
Desoxalic acid, 427 
Desoxy^lutanic acid, 251 
Detonating chloride of platinum, 32 
Doxtran, 571 
Dextrine, 563 
Dextrinbs, the, 563 
Dextro-rothry tartaric acid, 221 
Dextrose, 537 

Dextrose, ethereal compounds of, 
544 

Dextrose, metallic compounds of, 543 
Dextrqse sulphuric acid, 544 
Dialruamide, 307, 314 
Diacetin, 366 
Diacetochlorhydrin, 366 
Diaceto-dextrose, 644 • 

Diacetoracemic anhydride, 236 
Diaceto-succinic ether, 179 
Diaceto- tartaric acid, 232 
Diacid potassium citrate, 433 
Dialdan, 169 
Dialdanic acid, 169 
Diallyl, 449, 465 
Diallyl-acetic acid, 476 
Diallyl acetone, 476 " 

Diallyl carbinol, 473 
Diallyl ether, 383 
Diallyl-malonic acid, 476 
Diallyl-oxalic acid, 476 
Diallyl-oxyacetic acid, 476 
Diallyl urea, 393 
Diallylene, 466 
Disluiic acid, 298, 303 
Diamidohyd^, 374 * 

Diamyl-oxalic acid, 286 
Diamylene, 240, 288 
Diastase, 563 

Diaethohydroxycaffeine, 339 
Dibasic acids, 251, 278, 287, 695 
Dibasic acidis of the oxalic series^ 
19 

Dibromac^lic acid, 402 
Dibromadipic acid, 600 
Dibrombarbituric acid, 311 
Dibromfuril, 605 
Dibromhexine, 466 
Dibromhexine tetrabromide, 466 
, Dibrom-hydro-ethyl-crotonic acid, 414 
Dibromisocaproic acid, 413 
Dibromlactic acid, 148 
Dibrom-malonic acid, 159 
a-Dibrompropionic acid, 166 


iB-Dibrompropionic acid, 877, 401 
Dibromprop^ alcohol, 867 
Dibrompyromucic acid, 608 
Dibromsuccinic acid, 196, 217 
Dibromsuccinyl chloride, 210 
Dibromthiophene, 632 
Dibromundecylic acid, 418 
Dicalcium sucnite, 526 
Dichloracetol, 69 
Dichlorlactic acid, 146 
a-Dichloracetin, 366 
iB-Dichlorscetin, 366 
a-Dichloracrylic acid, 401 
jB-Dichlqracrylic acid, 402 
Dichlorethane, 70 * 

Dichloretl)yl chloride, 71 
Dichlorethylene, 42 
Dichlorethylene dichloride, 42 
o-Dichlorglycide, 856 ' ; . 

/5-Dichlorglycide, 856 
Dichlorhydiin, 353 \ 

a-Dichlormononitrin, 862 
iS-Dichlomitrin, 363 
Dichluroxyisobut^onitril, 482 
a-Dichlorpropionic acid, 156 
iB-Dichlorpropionic acid, 377 
Dioyanoxyisobutyric acid, 482 
Diethideno-ammonium thioeaxbamate, 
76 

Diethoxyhydroxycaffeine, 386 
Dicthyhacetone, 172, 173 
Diethyl*acetone acetic ether, 172 
Diethyl allylamine, 888 
Diethyl caibonate of ethyl, 178 
Diethyl carbopyrrolamide, 611, 615 
Diethyl-dimetnyl-ethylene glycol, 277 
Diethyl ether, 172 
Diethyl-ethylene, 257 
Diethyl-ethylene ketone, 191 
Diethyl-ethylene-lactic acid, 272 
Diethyl-glycocoll, 94 
Diethyl glyoxylic acid, 105 
Diethyl lactate, 16 
Diethyl-mothyl-ethylene, 271 
Diethyl-oxalic acid, 265 
Diethyl oxaroic acid, 121 
Diethyl oxamide, 118 
Diethyl-oxyacetic acid, 265 
Diethyl-oxybutyric acid, 278 
Diethyl succinyi, 191 
Diethylene alcohol, 37 
Diethylene diamine, 61 
Diethylene-diamine, 58 
Diethylene-diethyl diamine, 61 
Diethylene dioxide, 86 
Diethylene disulphide, 52 
Diethylene-triamine, 59, 61 
Diethyl-malonic acid, 274 
Diethyl propenyl ether, 862 
Diformin, 365 
Diglucose, 540 
Diglycolamide, 

Diglycolamidic 36id, 18 > * 

Diglycerol, 351 ^ 
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Diglycollic acid, 87 
Dihydric ammonium diliturate, 310 
Dihydrozyl ozamide, 121 
Dihydrocarboxylic acid, 627 
Di'hexvlene, 284. . 

DMsethionic acid, 57 
Di-i^but}deBe, 276 
' Di-isopiopyl-ethylene, 277 
Di-isopropyl-oxalic acid, 278 
Dllactamidic acid, 145 
DiUturic acid, 309 * • v 

Dimethyl acetal, 70 
Dimethyl-acrylic acid, 411 
Dimethyl-allyl carbinol, 411 
Dimethyl-barbituric acid, 306, 307 
DSnethyl-citric acid, 436 
Dimethyl-dioxysuccinic acid, 270 
Diinethyl-isoallyl carbinol, 412 
Dimllthyl-isoallylene, 449 
Diffiethyl-isopropyl-ethylene, 271 
. .Dimethyl-malonic acid, 256 
•Dimethyl-malonyl urea, 307 
Dimethyl-methyleno bromide, 132 
Dimethyl-methylene chloride, 13, 131, 
133 

Dimethyl-methylene compounds, 131 . 
Dimethyl-methylene iodiae, 460 
Dimethyl-methylene oxide, 11 
Dimethyl oxalic acid, *170 
Dimethyl-parabanic acid, 318 
Dimethyl-pseudobutyl-ethylene, 276 * 
Dimethyl succinic acid, 20 
a-Dimethyl-succinic acid, 269 
i3-Dimethyl-8Uccinic acid, 269 
Dimethyl- tartaric acid, 270 
Dimethyl thetine, 89 
Dimethyl thetine bromide, 89 
Dimethyl-thioparabanic acid, 318 
Dimethyl uric acid, 297 
Dimonochlorallylamine, 388 
Dinitro-octylene, 276 
Dinitroxytartaric acid, 231 
Dioctyl-malonic acid, 289 
Diolein, 421 
Dioxalethyline, 119 
Dioxyethylamine, 62 
Dipxyethylammonium chloride, 63 
Dibxyethenyltricarboxylic acid, 427 
Dioxypropioniq acid, 375 
Dioxysuccinic acid, 217 
Dipalmitin, 867 
Dipropargvl, 466 
DipTopinyl, 466 
Dipropinyl octobromide, 467 
Dipropenvl sodium manganite, 350 
D^ropyloutine, 470 
/9-i^propyl-ethylene-lactic acid, 286 
. Diprop^-oxalic acid, 278 
Dipyrotetracetone, 222 
Disacryl, 397 

DiMdacetonate of ethyl, 173 
Disodium ethylenate, 35 
jPMO^um pii^nylatjl, 

• VOL. m. * . 


Di-stearyl lecithin, 370 

Disulp^riiolic aci^, 57 
Disulphhydrin, 373 
Ditartaric acid, 283 
Ditetry], 162 
Dithioglycollic acid, 88 
Dodecatylene, 285 
Doe^lic acid, 423 
Drying oils, 478 
Dulcine, 489 
Dulcose, 489 
Dulcitan, 490 
Dulcitan bromhydrin, 490 
Dulcitan chlorhydrin, 490 
Dulcitamine, 490 
Dulcitol dichlorhydrin, 490 
Dulcite, 489 , 

Dulcitol, 489 

Dulcitol dibrpmhydrin, 490 
Dutch liquid, 39 ; apparatus used in 
formation of, 40 ; 

Dyad alcohol radicals, 3 
Dyad radicals, ethereal salts of the, 
13 

Dynamite, 361 


• E. 

Eikosylkne, 470 
Eladin, 422 
Elaidic acid, 422 
Elayl, 28 
Eloslic acid, 478 
Elceococca vernicia, 478 
Kloeomargaric acid, 478 
Elceosteario acid, 478 
Epicyanhydrin, 355 
Epicnlorhydrin, 354 
iS-Epidibromhydrin, 857 
a-Epidichlorhydrio, 356 
3-Epidichlorhvdrin, 856 
Epihydrin carboxylic acid, 355 
Erucic acid, 428 
Erucidic acid, 424 
Erythrin, 481 

Erythrite, 481 . * 

Erythritio acid, 482 
E^throdextrine, 664 
o-Erythrodextrine, 564 
^-Eiytbrodextrine, 564 ' . 

Erythroglucin, 481 
Erythrol dibromhydrin, 483 . 

Erythrol dichlorhydrin, 482 
Erythrol tetrasulphuric acid, 483 
Erythrumannite, 481 
Esparto-grass in paper making, 591 
Etnenyl tricar\|Oxylic acid, 425 
Ethereal compounds of dextrose, 644 
Ethereal compounds of milk-su^r, 533, 
Ethereal compounds of saccharose, 
529 

Ethereal salts of ndlyl, 383 

T T* 
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Ethereal salts of acrylic acid, 401 
Ethereal salts of amylum, 661 
Ethereal salts of cellulose, 577 
Ethereal salts of citric acid, 436 
Ethereal salts of the dyad radicals, 
13 

Ethei’eal salts of ethylene, 38 
Ethereal salts of lactic acid, 138 
Ethereal salts of oxalic acid, 116 
Ethei’eal salts of propeiiyl, 353 
Ethereal salts of racemic acid, 235 
Ethereal salts of succinic acid, 188 
Ethereal salts of tartaric acid, 230 
Ethereal salts and ethers of ethideiie, 
70 

Etherin, 285 
Etlierol, 285 

Ethers- aud ethereal salts of glycolyl, 
85 « 

Ethers and ethereal salts of malic 
acid, 202 
Ethidene, 11 
Ethideue acetamide, 77 
Ethidene and nitrogen compounds, 74 
Ethidene-biurct, 77 
Etludene bromacctin, 72 
Ethidene chloracetiii, 72 
Ethidene chloride, 13. 

Ethidene chlorethylatc, 71 
Ethidene cyanuramide, 77 
Ethidene diacetate, 13, 73 
Ethidene dibromide, 71 
Ethidene dichloride, 70 
Ethidene diethyl ether, 67 
Ethidene diethyl oxide, 13 
Ethidene di-iodide, 71 
Ethidene dimethyl bther, 70 
Ethideiie-ethylene dioxide, 69 
Ethidene hydramine, 74 
Ethidene imido- silver nitrate, 76. 
Ethidene lactic acid, 134 
Ethidene or ethylidene compounds, 
67 

Ethidene methyl-ethyl ether, 70 
Ethidene oxychloride, 71 
Ethidene propeiiyl ether, 363 
Ethidene sulphite compounds, 73 
Ethine, 450 

Ethine compounds, 460 
Ethionic acid, 63, 56 
Ethoxacetic acid, 85 
Ethoxycatfeine, 336 
Ethoxypropioiiic acid, 138 
Ethyl aceto-acetate, 172, 175 
Ethyl acetacetate, metallic compounds 
of, 177 

Ethyl acetocitrate, 437 

Ethyl acetocomenate, 619 

Ethyl acetomalate, 204 

Ethyl acetone, 172, 173 

Ethyl acetone carbonate of ethyl, 174 

£thyl*acetone-carbonic acid, 172 

Ethyl acetoiartrate, 231 

Ethyl acetotricarballylate, 429 


Ethyl acetylene, 449, 462 
Ethyl aconitate, 439 
Ethyl adipate,. 269 
Ethyl-allyl-acetacetate, 411 
Ethyl allylamine, 388 
Ethyl allyl ether, 883 
Ethyl allyl monothiocarbamate, 395 
Ethyl aluminium acetacetate, 179 
Ethyl ainido-acetacetate, 180 
Ethyl ainido-acetate, 93 
Ethyl-amyl-oxalic acid, 286 ' 

a-£4hyl brompropionate, 141 
Ethyl butyrate, 174 
Ethyl-caifeidiuc, 339 . 

Ethyl carbonate of ethyl, 173 
Ethyl carbopyiTolic acid, 611 
Ethyl chloracetacetate, 179 
Ethyl chlorlactate, 146 
Ethyl chlormalonate, 168 
a-Ethyl chlorpropionate, 141] 

Ethyl comenate, 618 

Etliyl compounds of glycocoll, 93 * 

Ethyl copper acetacetate, 179 

Ethyl-crotonic acid, 380, 413 

Ethyl cyanacetate, 159 

Ethyl cyanformate, 122 

Ethyl diacetic acid, 173, 174 

Etliyl diacetoraceinate, 236 

Ethyl diacetotartrate, 232 

Ethyl diacetyl-desoxalate, 428 

Ethyl diallyl carbinol, 474, 

Ethyl dicarbopyrrolic acid, 611 
Ethyl dichloracetacetate, 180 
Ethyl )9-dichlorpropionate, 877 
Ethyl-diethyl-acetacetate, 278 
Ethyl diothyl-ox^etate, 266 
Ethyl dibeptyl-acetacetate, 287 
Ethyl di-isobutyl-acetacetate, 287 
Ethyl-dimethyl-acetacetate, 267 
a-£thyl-dimethyl-ethylene, 258 
i9-£thyl-dimethyl-ethylene, 258 
Ethyl dimethyl ethyfene, 6 I 

Ethyl dinitroxytartrate, 231 
Ethyl dioctyl acetacetate, 287 
Ethyl desoxalate, 428 ^ 

Ethyl ether, 89, 105 
Ethyl ether of diethyl acetic acid, 
172 

Ethyl otholactate, 189 
Ethyl ethoxacetate, 86 
Ethyl-ethylehe, 163 
Ethyl fumanc acid, 211 
Ethyl furfurin, 604 
Ethyl glycerate, 376 
Ethyl glycolamide, 94 
Ethyl-glycocoll, 94 
Ethyl glycollate, 85 
Ethyl-glycollic acid, 85 
Ethyl hoptyl-acetacetate, 287 
Ethyl hydrosorbate, 416 
Ethyl-iodpropinyl ether, 472 
Elhyl isobutyl ficetacetate, 

Ethyl isocyanfermate, 123 , 

Ethyl isosucciuate, 198 • 
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Ethyl isopropyl-acetftCQtate,' 272 
Ethyl lactate, 16, 1»8 
Ethyl lactic acid, 16, 138 
Ethyl hBvuliaate, 250 
Ethyl lacto-succinate, 190 
Ethyl magnesium acetacetate, 179 
Ethyl maleatc, 218 
Ethyl malordc acid, 2.55 
Ethyl malouate, 158 
Ethyl nieconic acid j 617, 618 
Ethyl mesoxalatc, 161 
Ethyl methyl-ethyl-acetacetate, 272 
Ethyl o-Diethyl acetosuccinate, 253 
Ethyl iS-raethyl acetosuccinate, 253 
a-Elhyl-methyl-ethylenc, 242 
i3-£tliyl-methyl-ethylene, 242 
a-Ethyl-methyl-ethylene bromide, 242 
o-Ethyl-inethyl-ethyleiie glycol, 242 
Ethyl methenyl tricarbonate, 158 
Ethylmonochlorcthenyl-tricarboxylate, 
426 

Elhyl mucate, 598 
Ethyl mucic acid, 598 
Ethyl nitrocoinenate, 618 
i9-Ethyl nitropropionate, 153 
Ethyl nitroso-acetacetate, 180 
Ethyl nftroxyl malate, 203 
Ethyl octyhaoetacetate, 287 
Ethylomalic acid, 203 
Ethyl-oxalate, 23, 116 
Ethyl-oxalic acid, 23, 117 
Ethyl oxalyl chloride, 23, 117 
Ethyl oxalurate, 319 
EtiiyM-oxy butyric acid, 267 
Ethyl oxamate, 120 ^ 

Ethyl oxamethane, 121 
Ethyl oxymalonic acid, 256 
Ethyl oxamic acid, 120 
Ethyl oxaniide, 118 
Ethyl paracyanfonnate, 122 
Ethyl paralactate, 149 
Ethyl platiuous ammonium chloride, 
32 : 

Ethyl propenyl ether, 352 
Ethyl -propinyl ether, 471 
Ethyl propionyl-pro'piouate, 267 
Ethyl pyrotartrate, 255 
Ethyl pyroniucate, 606 
Ethyl-pyrrol, 611 
J4thyl saccharate, 597 
Ethyl salt of ethyl chlormalonic acid, 
256 

Ethyl sodacetacetate, 177 
Ethyl sodacetate, 177 
Ethyl suberate, 280 
Ethyl succinic acid, 188, 269 
Ethyl succino-lactate, 190 
Ethyl succinyl- succinate, 189 
Ethyl tarti*onic acid, 256 
Ethyl thiocaibacetacetate, 180 
Ethyl trimethyl-ethylene, 271 
Ethyl trichlorlactate, 1^6 
Ethylene, 27 ; properties of, 30 
JIthylciie acetobutyrute, 51 


P^thyleiie acctochloride, 60 
Ethylene acetovalemte, 51 
Ethylene alcohol, 10, 32 
Ethylene, arsenic bases of, 67 
Ethylene boron fluoride, 31 
Ethylene bromhydriii, 43 
Ethylene bromide, 44, 448 
Ethylene bfomiodide, 47 
Ethylene chloracetiii, 50 
Ethylene chlorbromide, 46 
Ethylene chlorhydrate, 5 
Ethylene chlorhy drill, 4, 38 
Ethylene ehloriotlide, 18, 47 
Ethylene chlornitrate, 49 
Ethylene compounds, 27 
Ethylene cyan hydrate, 15 
Ethylene cj’aniile, 195 
Ethylene diacetate, 50 • 

Ethylene diacetin, 50 • 

Ethylene-diamine, 58, 60 
Ethylene di bromide, 44 
Ethylene dibutyrate, .51 
Ethylene ilie.hloride, 80 
Ethylene dietliyl diamine, 60 
Ethylene diethyl ether, 35 
Ethylene difonnate, 49 
Ethylene dihydrosulphide, 51 
Ethylene di-iodide, 47 
Ethylene disiiljdioiiic acid, 57 
Ethylene dithiodichloride, 58 
Ethylene divalerate, 61 
Ethylene ethyl ether, 36 
Ethylene ferrous chloride, 31 
Ethylene glycol, 9, 19, 32 
Ethylenc-hexethy l-amonium dibroin ide, 
67 

Ethylene-hexctbyl-phosphonium dibro- 
inido, 66 

Ethylene hydroxysulphide, 61 
Ethylene-hydroxy-suiphuric acid, 48 
Ethylene iodacetin, 50 
Ethylene iodhydrin, 46 
Ethylene lactic acid, 16, 150 
Ethylene mercaptan, 51 
Ethylene monacetate, 50 
Ethylene monacetin, 50 
Ethylene monobutyrate, 51 
Ethylene monovalerate, 51 
Ethylene nitrate, 49 
Ethylene nitrite, 48 
Ethylene nitri-nitrat», 48 
Ethylene, nitrogen bases of, 58 
Ethylene oxide, 35 
Ethylene oxide bac^s, 62 
Ethylene oxythiocarbonate, 52 
Ethylene xdatinous chloride, 31 
Ethylene.platinous potassium chloride, 
32 

Ethylene, phosphorus bases of, 65 
Ethylene selenocyauate, 49 
Ethylene succinate, 190 
Ethylene succinic acid, 190 
Ethylene sulphide, 51 
Ethylene, sutpho-acids of, 5S 
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Kthylene, sulphur compounds of, 51 
Kthylene sulphuric acid, 48 
Ethylene thiocarbonate, 52 
Ethylene thiochloridcs, 52 
Ethylene thiocyanate, 49 
Ethylene thiodichloride^ 53 
Ethylideiie, 67 
Eucalyn, 550 

F. 

Fats and oils, 368 
Fats or glycerides, 364 
Fermentable gum, 671 
Fermentation lactic acid, 134 
Ferri pmnataf 198 
Fen-ic citrate, 435 
Ferric salt, 155 
Ferric suceinate, 187 
Ferric tartrate, 226 
Ferrous diliturate, 310 
Ferrous oxalate, 115 
Ferrous lactate, 137 
Ferrous violiirate, 309 
Flax and hemp, 587 
Formic acid, 103 
Formo-giianamine, 340, 341 
Fruit-sugar, 545 
Fucusamide, 612 
Fucusol, 612 
Fucusin, 612 
Fucusoic acid, 612 
Fnmaramide, 211 

Fumaric acid, 208, 209 : constitution 
of, 214 

Fumarimide, 206 
Fumaryl chloride, 210 
Furfuracrolein, 612 
Furfuracrylic acid, 613 
Furfuraldehyde, 602 
Furfuramide, 603 
Fnrfuran, 608 
Furfuraiigelic acid, 613 
Furfur-butylene, 613 
Furfurin, 603 
Furfurol, 602 

Furfurol, condensation products of, 
604 

Furfurpropionic acid, 615 
Furfurvaleric acid, 613 
Furfuryl alcohol, 603 
Furfuryl compounds, constitution of 
the, 614 

Furfuryl group, 602 
Furil, 605 

Furil octobromide, 605 
Furoin, 605 
Furonic acid, 613, 615 


G. 

Gaeidimc acid, 419 
Galam butter, 369 


Galactose, 548 
GashuileuXt 27 
Gelose, 571 
Glyceric acid, 375 
Glycerides, 364 
Glycerides of oleic acid, 421 
Glycerine, 343 
Glycerine ether, 351 
Glycerol, 343 

Glycerol detected in beer, 350 
Glycerol diethylin, 352 
Glycerol monethylin, 352 
Glycerol phosphoric acid, 363 
Glycerol triethylin, 352 
Glycerol, 344 

Glyceryl oxide, 344 ‘ ' 

Glycidamine, 374 
Glycide, 351 
Glycide alcohol, 351 
Glycocoll, 92, 122 
Glycocoll, acid compounds of, 93 
Glycocoll, ethyl compounds of, 98 ^ 

Glycocoll, metallic compounds of, 93 
Glycocoll, saline compounds of, 93 
Glycocyamidine, 98 
Glycocyamine, 97 
Glycogen, 568 
Glycoglycollic acid, 86 
Glycol, 33 ; properties of, 34 
Glycolamide, 18, 91 
Glycolamidic acid, 18 
Glycol-ethylamide, 94 
Glycolide, 87 
Glycols, 8 
Glycoluric acid, 96 
Glycollates, 84 
Glycollic acid, 19, 82 
Glycollic anhydride, 86 
Glycollic chloralide, 148 
Glycolyl, amido-compounds of, 91 
Glycolyl, carbamide compounds of, 96 
Glycolyl compounds, 82 
Glycolyl, ethers and ethereal salts of, 
85 

Glycolyl guanidine, 98 
Glycolyl, guanidine compounds of, 97 
Glycolyl, phosphorus compounds^ of, 
101 

Glycolyl, sulphur compounds of, 88 
Glycolyl thio-urea, 97 
Glycolyl-urea, 96 
Glycosin, 103 

Glycotartaric acid, 239, 428 

Glyco-uril, 324 

Glyoxal, 102 

Glyoxalic acid, 103 

Glyoxalin, 103 

Glyoxylic acid, 103 

Glyoxyl-urea, 299, 824 

Glucolignose, 583 

Glucosan, 540 

Glucoses, the, 537 

Glutanic acid, 23, 252 

Glutaminic acid, 251 « 
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Glutamine, 251 
Glutaric acid, 251 
Glutaric anhydride, 251 
Goose fat, 369 
<lrape*sugaT, 537 
Guajacen, 410 
Guajol, 410 
Guanamide, 342 
Guanamines, 340 
Guanamine hydrochloride, 341 
Guanid, 342 

Guanidine compounds of glycolyl, 07 
Guanidine compounds of lactyl, 1 43 
Guanidoacctic acid, 07 
Gr^anidopropionic acid, 143 
Guanine, 3*25, 329, 339 
Guanine hydrochlorate, 330 
Guanine nitrate, 330' 

Guanine sulphate, 330 
Gum arabic, 569 

tragacanth, 572 
Gums, the, 569 ' 

Gun-cotton, 577 


H. . 

Haloid ethereal salts of acetylene,* 
457 

Haloid ethereal salts of allylone, 461 
Hemp, 587 
Hemp oil, 480 
Hendecatylene, 284, 285 
Heptine compounds, 469 
Heptinio acid, 630 
Hcptolactone, 416 
Hcptyl malonic acid, 289 
Heptylene compounds, 271 
Hezaceto-amylum, 562 
Mexacetodextrine, 562 
Hexaci'olic acid, 397 
Hezad alcohol radical compounds, 484 
Hexbrome thane, 46 
Hexchlorethane, 43 
Hexenyl alcohol, .378 
Hexenyl tricarboxylic acid, 447 
H^keric acid, 414 
Hexethylone alcohol, 37 
Hexglyoxal hydrate, 102 
"^lexhydromeconic Mid, 616 
Hcxiiie, 465 
llexinic acid, 630 
Hexine compounds, 465 
H ezine tetrabroniide, 466 
llozine tetra-iodide, 467 
Hexine tetranitrato, 467 
Hezmethylenamine, 26 
Heznitroxyinosite, 552 
Hezone, 466 
a-Hezone alcohol, 484 
i3-Hezone alcohol, 489 
i9-Hezone diacetatc, 491 
)3-Hezone dichlorhydfate, 490 
• a-Hezone dichlorl^'d^iide, 486 


a-ITexone hezacetate, 4S8 
iS-Hexone hezacetate, 491 
a>Hexonc hczasulphatc, 486 
a-Hezone liexnitrate, 487 
/S- Hezone hexnitrate, 491 
iS- Hezone pentacetate, 491 
jS- Hezone pentacetochlorhydrin, 491 
Hcxone pentanitrate, 488 
Hexonyl chlorhydrate, 490 
Hexoiiyl pcntacctato, 491 
Hexonyl alcohol, 490 
Hexoylene, 465 
Hexpropylene, 286 
Hexyl- ethylene, 275 
Hexylene bromide, 258 
Hexylene compounds, 257 
Hexylenic acid, 41 5 
Homoitaconic acid, 615 * 

Humboldtine, 115 * 

Humus, 576 
Ifydracetamide, 75 
Hydracryl compounds, 150 
Hydraciylic acid, 150 
llydrantoic acid, 96 
Hydrantoin, 96 
Hydranzothin, 76 
Hydrazulmin, 124, 299 
Hydrazulmoxin, 124, 300 
Hydrocaffuric acid, 337 
Hydrocarbons of the acetylene 8cri(>8, 
448 

Hydrocellulose, 576 
Hydrochlorate of sarcine, 328 
Hydrochloride of caffeine, 334 
Hydrocroconic acid, 629 
Hydrocyanaldine, 145 
Hydro- ethyl-crotonic acid, 414 
Hydroflavic acid, 124 
Hydrofuronic acid, 613 
Hydromuconic acid, 599 
Hydrorubianic acid, 124 
Hydrosorbic acid, 380, 414 
Hydrothiocroconic acid, 629 
Hydroxyacetal, 69 
Hydroxycafleine, 336 
Hydroxy-ethylene disulphonic acid, 58 , 
Hydroxyethylene sulplioiiic acid, 53 
Hydroxy- or oxy-acids, 14 
Hydruvic acid, 154 
Hydurilic acid, 312 
Hypocaffeine, 336 
Hypogceic acid, 419 
Hypothetical anhydrous glycerol, 344 


I. 

T MiDO-dimethylacctic-dimcthyl pro- 
pionic acid, 246 
Imidosuccinic acid, 207 
] midodoxanthine, 329 
Imidopropionic acid, 145 
a Imidopropionitril, 144 
luosite, 550 
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Jnulin, 566 
lodallyl alcohol I 385 
lodallyleiie, 461 

lodallylene di-iodide, 462 ^ ^ . 

lodethyl trimethyl-ammoniiim iddide, 
65 

lodopyromeconic acid, 621 
o-Iodpropionic acid, 141 
i8-lodpropionic acid, 20, 152, 401 
lodo succiiiimide, 193 
lodstearitlic acid, 424 
Iron pyruvate, 155 
Iron siicrates, 528 
Iron tartrates, 226 
Isethionic acid, 63 
Jsethionyl dichloride, 55 
Isoallyleiie, 450, 462 
Isoallyleiie tetrabroniide, 462 
Isoallylene-tetracarboxylic acid, 429 
Tsobrom maleic acid, 214 
Tsobutyl aldehyde, 12 
Isobutyl nngelate, 408 
Tsobutyl ether, 181 
Isobutyl-guanainine, 342 
Isobutyl isobutyrate, 408 
Isobutyl-malonic acid, 274 
Isobutyl oxalate, 117 
Isobutyl-oxymalonic acid, 274 
Jsobutyl-tartronic acid, 274 
Isobutylene, 6, 163, 164 
Isobutylene alcohol, 11 
Isobutylene bromide, 165 
Tsobiitylune chlorhydrin, 165 
Isibutylene chloride, 165 
Isobutylene glycol, 165 
Isobutyric acid, 242 
Isocblorcitramalic acid, 444 
Tsocrotonic acid, 405 
Isocrotylamine, 402 
Isocrotyl mustard oil, 402 
Isocrotyl thiocarbirnide, 402 
I socyan propionic aci l, 196 
Isodibromsucciiiic anhydride, 213 
I sodibromsucciuic acid, 212, 217 
Isodiethyloxamide, 121 
Uodulcitan, 492 
Isodnlcite, 492 
Isodulcitic acid, 492 
Isoheptylene, 271 
Isoleucine, 264 
Isoleucinimble, 265 
Jsomalic acid, 207 

I somerides and homologues of pyrotnucio 
acid, 612 

Isopimtdic acid, 273 
Isopropyl acetylene, 464 
Isopropyl-acrylic acid, 412 
Isopropyl diallyl carbinol, 474 
Iso propyl- ethylene, 241 
Isopropyl-ethylene glycol, 241 
Isopropyl-giianamitie, 342 
I sopropyl - malonic acid ,270 
Isopropyl-succinic acid, 273, 274 
iMopyronmcic acid, 612 


Jsopyroterebic acid, 415 
Isosuberic acid, 282 
Isosuccinyl compounds, 197 
Tso-succiuic acid, 20, 197 
Iso-uric acid, 306 
I tabrom pyro tartaric acid, 442 
Itachlorpyro tartaric acid, 441 
Itaconic acid, 439, 440, 440 
Itaconic anhydride, 441 
Itadibrompyrotartaric acid, 442, 446 
Itamalic acid, 441, 442 
Itatartarie acid, 442 


J. 

Japaxrse paper, 592 
Jute, 588 


K. . 

Kahwa, Arab beverage, 335 
Ketonic acids, 171, 244, 260, 272, 278, 
287 

Ketones, 11, 

Koumiss, composition of, 532 


L. 

Lactaucide, 142 
Lactates, the, 136 

Lactic acid, 10, 14, 15, 133 ; by fer- 
mentation, 135 ; synthesis of, 184 ; 
ethereal salts of, 138 ; substitution- 
products, 146 
Lactic anhydride, 139 
Lactic chloralide, 148 
Lactic series of acids, 14 
Lactide, 140 
Lactimide, 142 
lAictolaetie acid, 139 
iS-Lactonitril, 153 
Lactose, 548 
Ivactiiramic acid, 143 
lAictyl amido- compounds, 142 • 

Lactyl carbamide and guanidine com 
pounds, 143 

IjRctyl chloride, 17, 140 ' ® 

Lactyl compounds, 133 
Lactyl ethyl lactate, 139 
lActyl-guanidine, 144 
Lactyl nitrils, 144 ; 

Iiactyl sulphur compounds, 141 

F^actyl urea, 143 

T^revotartarie acid, 233 

Itseviiliii, 567 

lAcvulinic acid, 249 

I^vulosan, 547 

Lievulose, 537, 545 

T^evulose, metalUc compounds of, 547 

Lantanuric acid,*324 

Lard, 369 ^ i 
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Lead acrylate, 401 
Lead fumarate, 211 
Lead glycerate, 376 
Lead glycollate, 84 
Lead maleate, 212 
Ijead mesoxalate, 161 
l^ad oleate, 421 
Lead oxalate, 114 
Lead saccharate, 596 
Lead sncrates, 527 
Lead tartrate, 225 
lecithins, 370 
Lepargylic acid, 287 
Leucic acid, 260 

Leucine, 261 ; preparation and pro* 
“peities, 262 
Leucinimide, 264 
Jjeueonie acid, 630 
Licheuic acid, 209 
Lichinine, 566 
Lignin, woody fibre of, 583 
^inoleie acid, 477 
Liuoxyn, 478 
LinseM mucilage, 573 
Linseed oils, 478 
Lipinio acid, 267 
Lipyl, 344 
Lipyl oxide, 344 
I<ycine, 95 


M. 


Madagascar manna, 480 
Magnesia eUriea efferveaecTis, 435 
Magnesium violurate, 309 
Maue-starch, 556 ; granules, 558 
Malamic acid, 204 


Malamide, 204 
Malates, the, 200 
Maleates, the, 212 
Maleic acid, 208 

Maleic acid, 212 ; coiistitutioa of, 214 

Maleic anhydride, 213 

Maleyl oxide, 213 

Malic acid, 185, 198 

Mfdic acid, amido compounds of, 204 

Idalic acid, ethers and ethereal salts of, 


202 


• Malic acid, optical isomerides of, 201 
Malonic acid, 21 

Malonic acid, 156 ; synthesis of, 157 

Malonyl dimethyl-urea, 307 

Malonyl compounds, 156 

Malonyl-urea, 298, 306 

MaltoM, 535 

Manilla hemp, 588 

Malyl ureide, 321 

Malyl ureidic acid, 321 

Manna sugar, 484 

Mannitan, 485 

Mannitan tetranitra^e, 488 

Mannite, 484 • 

Mannite dibromhjy*drin, 486 


Mannite dichlorhydrin, 486 

Mannite hexasulphuric acid, 486 

Mannitic acid, 485 

Mftnnitol, 484 

Mannitose, 485 

Meuonamic acid, 618 

Mecouates, 616 

Meconic acid, 616 

Mecouic acid group, 616 

Melene, 286 

Melesitose, 534 

Melissyleiie, 286 

Meliiose, 534 

Mercapto-acctic acid, 88 

Mercuric oxalate, 114 

Mercury succininiidc, 193 

Mesaconic acid, 439, 444, 445 

Mesadibrompyrotartaric acid, .445 

Meso-tartaric acid, 238 • 

Mesoxalic acid, 160 
Mesoxalyl-urea, 298, 300 
Metacrolein, 398 

Metallic compounds of acetylene, 455 
Metallic compounds of allyleiie, 460 
Metallic compounds of dextrose, 543 
Metallic compounds of ethyl acet- 
acetate, 177 

Metallic compounds of gl^^eocoll, 93 
Metallic compounds of Inviilosc, 547 
Metallic compounds of milk-sugar, 533 
Metallic compounds of sugar, 524 
Metallic properties of amylum, 561 
Metapeptic acid, 594 
Mctarabic acid, 670 
Metezodambose, 553 
Methaciylic acid, 880, 406 
Methene, 24 

Meihenyl- tricarboxylic acid, 425 
MethO'Cth oxalic acid, 246 
a-Methoxysuccinic acid, 255 
Methyl acctacetato, 181 
Methyl acetoacetic acid, 247 
Methyl aeefocitrate, 436 
Methylacetylene, 448, 459 
Methylal, 24 

Metbylat^ explosive oil, 361 
Methyl bromacetol, 132 
Methyl-butyl-cthylene, 27 1 
Methyl chlortricarballylate, 436 
Methyl citric acid, 436 
Methyl-crotonic acid, 409 
Methyl diallyl carbinol, 474 
Methyl-diethyl-oxyacetate, 266 
^-Methyl-ethenyl tricarboxylic acid, 
426 

Methyl ether, 181 
Methylethyl-acetacetate, 267 
Methyl-ct^l acetal. 70 
Methyl-ethyl acetic acid, 409 
Methyl-ethyl-acetylene, 448, 464 
Methyl-ethyl-acrolein, 414 
Methyl ethylene, 124 
Methyl-ethyl-malonic acid, 270 
Alethylethyl-oxalate, 117- 
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Metliyl-ethyl-oxybutyiic acid, 272 
Methyl-ethyl-pinacono, 277 
Methyl fumarate, 211 
Methyl guanidoacetic acid, 98 
«■ Methyl -glutaric acid, 269 
Methyl-glycocoll, 94 
Mi'thyl glycollnto, 85 
Methyl glycol lyl guanidine, 99 
Metyl-hydrantoin, 96 
Mcthyl-isocrotyl alcohol, 468 
Methyl-isocrotyl carbinol, 411 
Methyl-isocrotyl chloride, 408 
Mcthyl-isocrotyl compounds, 468 
Mtithyl-isocrotyl iodide, 468 
Methyl-isocrotyl ketone, 411 
Mcthyl-isocrotyl monacetate, 468 
Methyl ketone- propionic .acid, 21 
Methyl lactate, 138 
Methyl laevwlinate, 250 
Methyl maleatc^ 213 
Methyl malonic acid, 197 
Methyl oxalate, 116 
o-Methyloxybiityric acid, 246 
^-Methyloxybiityiic acid, 247 
diethyl parabnnic add, 317 
Methyl-propyl-ethylcne, 6, 257 
diethyl -propyl-ethylene glycol, 2r8 
Methyl-propyl-ethyleiie-laclic acid, 272 
Methyl-propyl-iaoallylene, 469 
Methyl pyruvate, 166 
Methyl racemate, 285 
Methyl succinate^ ISS* 

Methyl-sucoinio acid, 21, 253 
/S- Methyl-succinic acid, 269 
Methyl succinyl ui'ea, 320 
Methyl tfirtronic acid, 208 
Methyl theobromine, 332 
Methyl thialdine liydriodide, 76 
Methyl-thioparabanic acid, 318 
Methyl uric acid, 297 
Methylene acetate, 25 
Methylene acetochloride, 25 
Methylene aceto-methyl-oxide, 25 
Methylene chloracetin, 25 
Methylene compounds, 24 
Methylene dimethyl ether| 24 
Methylene di-iodide, 131 
Methylene guanamine, 341 
Methylene thiocyanate, 25 
Milk-sugar, 530 ; ethereal and metallic 
compounds of, 633 
Millet- starch granules, 559 
Mixed allylamines, 388 
Molasses, 503 

Molasses, extraction of sugar from, 509 
Monhydric potassium diliturate, 310 
Moniodcaproic acid, 476 
Mouiodethyl oxide, 47 
Moniodothylene, 47 
Moniodlactic add, 148 
Monucetato, 468 
Monacetin, 365 
Monaceto-saccharose, 530 
Monacid potassium citrate, 433 


Monad alcohol radicals, compounds of 
the, 379 

Monobasic acids (lactic series), 14 
Monobasic acids, CqH 2 „Os, synthesis 
of, 16 

Monobasic saccliarate of lime, 526 
Monobrom acetylene, 459 
Monobrombarbituric acid, 311 
Monobromethvlene, 46 
Monobrom hyefrin ofmannitan, 486 ^ 
Monobromisosuccinic acid, 198 
Monobromlactic acid, 148 
Monobromacetal, 69 
Monobrompyroinucic acid, 608 
Monobromsuccinic acid, 196 
Monobrothiopheiie, 632 
Monoealcium sucratc, 526 
Monochloracetal, 68 
Mouochloracetone, 128 
Monochloracetyleue, 458 
Monochlordiacetin, 866 
Monochlor-ethyl-alcohol,. 39 
Monochlorethylene, 41 
Monochlorethylene dichloride, 41» 71 
Monochlorhyarin of maunitan, 486 
Monochlorhexine, 466 
Monochlorlactic acid, 146 
Monochlorsuberic acid, 447 
Monochlordiftitrin, 362 
Monoformin, 365. 

Monolein, 421 
Monostearin, 867 
Mouosulphydrin, 37§ 

Monopalmitin, 80^ 

Mono-ureides, 299 
Mucamide, 599 ^ 

Mucates, 598 

Mucic acid, 597 

Mucilage, 573 

Muconm acid, 600 

Murexan, 307 

Murexide, 300, 813, 814 

Murexoin, 838 

Muscarine, 95 

Mustard oil, 390 

Mustard-oil acetic acid, 91, 97 

Mutton suet, 369 v 

Myconielic acid, 293, 299 

Mycose, 535 

Myristolic acid, 390, 391 
Myrouic acid, 477 

N. 

Nanceic acid, 133 
Neurine, 63, 66 
Nitrates of amylum, 661 
Nitrates of cellulose, 577 
Nitrils of oxalic acid, 122 
Nitroacetic acid, 91 
Nitro-amylene, 244 
Nitrobarbituric acul, 309 
Nitroerythrol, 48^ 

Nitrodiilcitol, 491 
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Nitrogen bases of ally!, 387 
Nitrogen bases of etbrylene, 58 
Nitrogen compounds of ppopenyl, 374 
Nitrogen compounds of succinyl, 192 
Nitrogen and ethidme compounds, 74 
Nitro-glycerine, 358 
Nitro-isobutylene, 165 
Nitro’isodulcitan, 492 
Nitro'lactic acid, 17, 139 
Nitrb-mannite, 487 
Nitro octylene, 276 
i8-Nitropropionic acid, 152 
Nitropyromecazone, 623 
Nitropyromecazonic acid, 623 
Nitropyromeconic acid, 622 
Nitropyromucic acid, 608 
Nitro-pyruvinureide, 325 
N itroso-a-inido-propionitril, 1 45 
Nitroso-barbituric.acid, 308 
Nitrosodipyromeconic acid, 622 
^itroso-purfurin, 604 
^ itrosomal<mic acid, * 1 59 
Nitrosopyronieconic acid, 622 
Nitro- tneine, 318, 335 
Nitro- trimethvl-ethylene, 244 
Nitroxyacetodcxtrose, 545 
Nitroxy citric acid, 437 
Nitroxyloctic acid, 139 
Nitroxylactose, 533 
Nobel’s explosive oil, 360 
Normal ammonium oxalate, 113 
Normal barium citrate, 424 
Normal baiat|m ta]:trat 9 , 225 
Normal cadmium sacokarate, 596 
Normal calcium citrate, 434 
Normal calcium malate, 200 
Normal calcium pyrotartrate, 254 
Normal calcium saccharate, 596 
Normal ethyl citrate^ 437 
Normal ethyl fumarate, 211 
Normal ethyl malate, 202 
Normat'ethyl ineeonate, 617 
Normal ethyl succinate, 188 
Normal ethyl tartrate, 230 
Normal heptylene, 271 
Normal hexvlene, 257 , 

N irmal leaf! malate, 201 
Normal lead pyrotartrate, 254 
Normal lithium tartrate, 225 
^Normal magnesium citrate, 434 
Normal methyl citrate, 436 
Normal octylene, 275 
Normal potassium citrate, 433 
Normal potassium dcsoxalate, 428 
Normal potassium meconate, 617 
Normal potassium oxalate, 112 
Normal potassium pyrotartrate, 254 
Normal potassium racemate, 235 
Normal potassium tartrate, 224 
Normal potassium urate, 294 
Normal silver diliturate, 310 
Normal silver maleate, 213 
Normal silver mecoifate, 617 
Normal aotiium (palate, 112 


Normal sodium tartrate, 224 
Normal sodium urate, 295 
Nonyl-acetylene, 470 
Nouyleue, 285 

0 . 

OcTACRTO diglucose, 544 
Octacetolactose, 633 
Octylene chlorhydrate, 275 
Octylene chloride, 275 . 

Octylene compounds, 275 
Octylene diacetate, 275 
Octylene glycol, 276 
Octylene oxide, 275 
Odmyl, 479 
Oenanthylidene, 469 
Oenothionic acid, 54 
Oil of mustard, 390 * 

Oils and fats, 368 
Oils, drying, 478 
Olefiant gas, 27 ' 

Olefines, general properties of the, 3 ; 
constitution of the, 4 ; formation of 
the, 7 ; substitution - products of 
the, 8 ; containing more than eight 
atoms of carbon, 283 
Oleic acids, 418, 419 
Olein-sulphuric acid, 422 
Oleophosphoric acid, 370 
Oleum vitrioli dulce, 285^ 

Optical isomerides of malic acid, 201 
Oxalaldebyde, 102 
Oxalan, 299, 320 
Oxalantin, 319 

Oxalates, the,i 111 ; synthesis, 106 
Oxalates of antimony, 115 
Oxalethyline, 119 
Oxalic acid, 10, 19 
Oxalic acid aldehydes, 101 
Oxalic acid, carbamide compounds of, 
122 

Oxalic acid, ethereal salts of, 116 
Oxalic acid, nitrils of, 122 
Oxalic acid, . 105 ; manufacture, 107 ; 
properties, 109 

Oxalic acid series, s^thesis of, 19 
Oxalic series of acids, 19 
Oxalite, 115 

Oxalyl, amido-compounds of, 118 
Oxalyl compounds, 101 
Oxalyl-diureide, 317 
Oxalylthiosinamine, 394 
Oxalyluzea, 299, 315 
Oxaluramide, 299, 320 
Oxalonitril, 122, 123 
Oxaluric acid, 299, 319 
Oxamethane, 120 
Oxamic acid, 120 
Oxamide, 118 
Oxides, 11 

Oxides and ethers of propenyl, 351 
Oxonic acid, 298 
Oxyacetamide, 18 
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Oxyacetic acid, 10, 82 
Oxyacids, the, 244, 260, 278 
Oxyacids containing more than eight 
atoms of carbon, 286 
Oxy butyric acids, 167' 
o-Oxy butyric acid, 167, 241 
7 -Oxybutyric acid, 169 
i9-Oxybutyraldehyde, 168, 405 
OxycalFeine, 339 
Oxycaproic acid, 260, 264, 278 
Oxy -choline, 65 
Oxycitraconic acid, 444 
Oxycitric acid, 438 
Oxycoinenic acid, 620 
Oxycroconic acid, 629 
Oxydibutidenc hydroxyamine, 169 
Oxyethylacetic acid, 85 
Oxyethylamine, 62 
OxyethylamTnonium chloride, 63 
Oxyethyl-triethyl-phosphonium hy- 
droxide, 66 

Oxyethyl-triethyl-ammonium chloride, 
65 

Oxye thyl- trimethyl-amraoni u m, hy- 
droxide, 63, 64 

Oxyethidene-succinic acid, 208 
Oxyethidene-succinamic acid, 208 
a-Oxyglutaric acid, 252 
jS-Oxyglutaric acid, 252 
Oxyheptylic acid salts, 416 
Oxyisobutyric acid, 11, 15, 243 
a-Oxyisobutyric acid, 170 
Oxyisocaproic acid, 264 
Oxyitaconic acid, 442, 446 
Oxymalonic acid, 160 
Oxymargaric acid, 287 
Oxymyristic acid, 286, 286 
Oxyoenanthylic acid, 272 
Oxyoctenol, 277 
Oxyoctoic acid, 278 
Oxypentaldine, 75 
7 -Oxypcutoic acid, 248 
Oxyphenylamidopro^ionic acid, 261 
Oxypropaiie-sulplionic acid, 339 
a-Oxy propionic acid, 10, 14, 133, 150 
/9-Oxy propionic acid, 150 
a-Oxypropionitril, 144 
Oxypyromccazonic acid, 623 
Oxypyrotartaric acid, 252, 255 
iS-Oxysiobutyric acid, 171 
Oxysocaproic acid, 264 
Oxysuberancarboxylic acid, 281 
Oxysuccinic acids, 198 
Oxytetraldinc, 75 
Oxytrialdine, 75 
a-Oxyvaleramide, 245 
Oxyvaleric acid, 242 
a-Oxyvaleric acid, 244 
/9-OxyvaIeric acid, 246 

P. 

Palm oil, 369 
Palmitolio acid, 477 


Paper making, 589 

Parabanic acid, 291, 299, 315 

Parabanic acids, reactions for the, 318 

Parabanic group, 315 

Parabin, 517 

Paraconic acid, 441 

Paracyanogen, 124 

Para-ethylene oxide, 37 

Paragluconic acid, 543 

Parahydrocyanaldine, 145 

Paralactic acid, 148 

Paralactyl compounds, 148 

Paraldol, 169 

Paramaleic acid, 209 

Paramucic acid, 599 , 

Paramylene, 283 

Parainylum, 562 

Paiasaccharose, 530 

Parasorbic acid, 476 

Parchment paper, 576 

Pectin, 594 

Pectous substances, 594 
Pentabromcthane, 459 
Pentaceto-dcxtrose, 545 
I'ontachloracetal, 79 
Pcntanitroxylactose, 533 
Pentenyl alcohol, 378 
Pentethylene alcohol, 37 
Pentine compounds, 464 
Pentinic acio^, 630 
Pentylacetylene, 448, 469 
Pentylene compounds, 240 
Pentyleiic dibromide, 241 
Pentyl-ethylene, 271 
Phosphates of proi>enyl, 363 
Phosphor-Betaine, 101 
Phosphor-ethyl- Betsine, 101 
Phosphorus Ix^s of ethylene, 6i5 
I'hosphorus compounds of glycolyl, 
101 

Phosphortrimethyl glycocoll, 101 
Phycite, 481 
Physetoleic acid, 419 
Pimelic acid, 267, 273 
a Pimelic acid, 23, 273, 613, 615 
Pinacones, 10 

Pinacolines, 12 9 

Pinacone, 259 ; hydrate, 264 
Pinite, 492 

Platino-chloride, 129 * 

Polyethylene alcohols, 37, 
Polyglycerols, 351 
Polyoxyethylamines, 63 
Poppy oil, 480 

Potassio-aiitimonious tartrate, 226 
Potassium acrylate, 401 
Potassium amido-acetate, 18 
Potassium carboxide compounds, 625 
Potassium carboxide derivatives, 629 
Potassium carboxylates, 627 
Potassium chelidonate, 624 
Potassium croconate, 628 
Potassium ^ cyanclotonate, 446 
Potassium ethidene^ sulphite, 73 



INDEX. 


651 


Potassium ethyl lactate, 138 
Potassium giyoxylate, 104 
Potassium liydi-oconate, 628 
Potassium isethionate, 64 
Potassium malonate, 157 
Potassium myronate, 391 
Potassium paracyanformate, 122 
Potassium propiolate, 475 
Potassium quadroxalate, 112 
Potassium rhodizonate, 627 
Potassium sodium tartrate, 224 
Potassium tartryl arsenate, 228 
Potassium tartryl borate, 229 
Potassium violurate, 309 
Potato-starch, 556 ; granules, 557 
Primary propyl iodide, 131 
Piimary propylene glycol, 130 
Propargyl, 471 
Propargylic acid, 474 
Propenyl alcohol, 343 
Propenyl arsenite, 863 
^ a-Propenyl chlorhydriii, 353 
i8- Propenyl chlorhydriii, 853 
a-Propenyl dibromhydriu, 357 
i8-Proi»enyl dibromhydrin, 357 
a-Propenyl dichlorhydriu, 363 
i3-Propenyl dichlorhydrin, 364 
a-Propenyl di-iodhydrin, 357 
i8-Propenyl di-iodhydrin, 857 
Propenyl disiilphonic acid, 373 
’ Propenyl, ethereal salts of, 863 
Propenyl) ethereal salts of the fatty 
acids, 364 

Propenyl hydrosulnhides, 373 
Propenyl hydroxyaiamine, 874 
Propenyl monobrornhydrin, 357 
l*ropenyl mono-iodhydrin, 368 
Propenyl mononitrate, 368 ^ 

Propenyl monosulphonic acid, 373 
Propenyl, nitrogen compounds of, 374 
Propenyl oxide, 851 
Propenyl, oxides and ethers of, 851 
Propenyl phosphates, 363 
Propenyl, sulphates of, 858 
Ihropcnyl triamine, 875 
Propenyl tribromide, 367 
Propenyl tricarboxylic acid, 428 
Propenyl trichloride, 366 
Propenyl trimethyl ammonium chloride, 
87 5 

Propenyl trinitrate, 368 
Propenyl trisulphonic acid, 374 
Propidene bromide, 133 
Propidene chloride, 132, 133 
Propidene compounds, 132 
Propidene oxide, 11 
Propiolic acid, 474 
l^opine compounds, 459 
Propin yl, 471 
Propinyl acetate, 473 
Propinyl alcohol, 471 
Propiny} bromide, ^472 
Propinyl chloride, 472 
Propinyl compounds, 471 


Propionyl formic acid, 171 
Propinyl iodide, 472 
Propion aldehyde, 11 
Propyl-acetylene, 464 
Propyl-acrylic acid, 414 
Propyl diallyl carbinol, 474 
Propylene, 6, 124 
Propylene alcohol, 10, 126 
Propylene bromhydrin, 128 
Propylene dibromide, 128 
Propylene di-iodide, 129 
Propylene chlorhydrin, 127 
Propylene chloride, 13, 133 
Propylene compounds, 124 
Propylene diamine, 129 
Propylene dichloride, 128 
Pinpylene glycol, 9, 126 
Propylene iodhydrin, 128 . 

Propylene nitrate, 129 
Propylene oxide, 11, 127 
Propyl-ethenyl -tricarboxylic acid, 426 
Propyl-ethylene, 6, 241 
Propyl glycollate, 85 
Propyl-guanamine, 342 
Propyl Iffivulinate, 250 
Propyl-malonic acid, 270 
Propyl oxalate, 117 
Protagon, 372 
Pseudo-acetyl-pyrrol, 611 
Pseudo-butyl-ethylcne, 269 
Pseudohexylene chlorbydrate, 468 
Pseudohexylene chloride, 467 
Pseudohexylene compounds, 467 
Pseudohcxylenc diacetate, 468 
Pseudohexyleno glycol, 468 
Pscudohexylene iodide, 468 
Pscudohexylene oxide, 468 
Pseudorcin, 481 
Pseudo-uric acid, 808 
Pseudoxanthine, 827 
Purpuric acid, 307, 313 
Pyridin, 619 # 

Fyroaconi tic acid, 439 
Pyrocitric acids, 439 
Pyrocitric acids, constitution of the, 
' 445 

Pyrodextrine, 566 
Pyromecazone, 623 
I^'omecazonic acid, 623 
Pyromeconates, 621 
Pyromeconic acid, 620 
Pyromucamide hiamidic^ 610 
Pyromucates, the, 606 
Pyromucic acid, 605 ; addition products 
of, 606 ; substitution-products of, 
608 ; isomerides and homologues of, 
612 

i8- Pyromucic acid, 612 
Pyroracemates, 165 
Pyroraceiiiic acid, 153, 376 
Pyrotartaric acid, 253 
Pyrotartaric anhydride, 255 
Pyrotartronitril, 253 
Pyroterebic acid, 412 
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Pyro-uric acid, 293 
Pyrurates, 155 
Pyruvic acid, 153, 154 
Pyruvil, 825 
Pyruvinuroidc, 325 
I^yravyl acetate, 473 
Pynivyi alcohol, 472 
Pyruvyl compounds, 153 
Pyrrol, 609, 633 
Pyrrolin, 610 
Pyrrol-red, 610 


Q. 

Qitf.rcitr, 493 
Quince mucilage, 573 


R. 

Racemtc acid, 233, 238, 239 ; ethereal 
salts of, 235 
Kaphides, 113 
Rhodacetic acid, 90 
Khodizonic acid, 626, 628 
Rice paper, 592 

Rice-starch, 556 ; granules, 558 
Ricinelaidic acid, 425 
Ricinolamide, 424 
Ricinoleic acid, 424 
Roccellic acid, 289 
Rubidium tartrate, 225 
Rutylene, 470 
Rye-starch granules, 558 


S. 

SACCnARAMIDE, 697 
Saccharates, 596 
Saccharic acid, 485, 547, 595 
Saccharimetry, 515 
Saccharin, 547 
.Saccharon, 548 

Saccharose, ethereal compounds of, 529 
Saccharoses, 496 

Succinyl, nitrogen compounds of, 192j 

Sago, 556 ; starch granules, 558 

Saline compounds of glycocoll, 93 

Salts of creatinine, 100 

Sarcine, 325, 327 

Sarcolactic acid, 148 

Sarcosine, 94 

Scyllite, 552 

Schacicacid, 23, 288 

Selcnaldine, 76 

Serin, 377 

Shea butter, 369 

Silver acetyl ide, 456 

Silver acrylate, 401 

Silver allylide, 461 

Silver citrate, 435 

Silver croconate, 629 


Silver dipropinyl, 467 
Silver ethyl lactate, 139 
Silver ethyl meconatc, 617 
Silver fumarate, 211 
Silver gly collate, 84 
Silver glyoxylate, 10 6 
Silver isosuccinate, 197 
Silver Itnvulinate, 250 
Silver leucate, 261 
Silver malate, 201 
Silver mesoxalate, 1 61 
Silver oxalate, 114 
Silver pentoate, 248 
Silver pyrotartrate, 254 
Silver pyruvate, 155 
Silver rhodizonate, 628 
Silver succinimide, 193 
Silver succinate, 187 
Silver tartrate, 226 
Sinalbin, 892 
Sinarnine, 395 
Sinapoline, 393 
Siuistrine, 566 
Sinnigrin, 393 

Sodacetone carbonate of ethyl, 173 
Sodium acetoacetic ether, 173 
Sodium acrylate, 401 
Sodium-ally lene, 460 
Sodium elaidate, 423 
Sodium ethidene sulphite, 73 
Sodium ethylate, 174 
Sodium ethyl lactate, 138 
Sodium ethyl malonate, 158 
Sodium hydracrylate, 151 
Sodium lactate, 137 
Sodium-malonic ether, 21 
Sodium mono-ethylenate, 35 
Sodium oleate, 421 
Sodium propenylate, 349 
Sodium pyruvate, 156 
Sodium sucrate, 525 
Sodium sulphallidene -sulphite, 399 
Sodium xanthate, 181 
Sorbic acid, 475 
Sorbin, 550 
Sorbite, 492 
Sorghum sugar, 510 
Spiiitiis tartari, 153 
Stannous lactate, 138 
Starch, 554, 556 ; granules, 557 
Starch-paste, 559 
Starch-sugar, 588 ; uses of, 543 
Stearins, the, 867 
Stearoleic acid, 476 
Stearoxylic acid, 477 
Strontium glycerate, 376 
Strontium sucrate, 527 
Strontium tartrate, 225 
Suberaldehyde, 280 
Suberancarboxylic acid, 281 
Suberic acid, 23, 267, 278 
Suberomaleic acid, ^80 
Siiberone, 280 • ; 

Suberotartaric acid, 2^0 
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Substitutiou-products of acrylic acid, 
401 

Substitution-products of allyl alcohol 
and of its ethers and ethereal salts, 
385 

Succinamic acid, 23, 193 
Succinamide, 23, 192 
Sudbinates, 186 
Succincyamic acid, 194 
Succincyanamide, 194 
Succinic acid, 19, 23, 182, 267 ; 
ethereal salts of, 188 ; substitution- 
products, 196 

Succinic anhydride, 32, 191 
Succinimide, 23, 192, 193 v 

Succino-ni^l, 19, 195 
Succino-sulphuric acid, 192 
Succino-sulphurous acid, 192 
Succinuric acid, 321 
Succinyl chloride, 191 
Succinyl compounds, 1 82 
iSuccinyl dicarbamide, 321 
Succinyl oxide, 191 
Succinyl, sulphur compounds of, 191 
Sucrates of calcium, 526 
Sucrates of iron, 528 
Sucrates of lead, 527 
Sucre de gelatine, 92 
Suet, 369 

Sugar anal; 78 is, 610 

Sugar, estimation of soluble ash in, 
518 

Sugar extracted from molasses, 509 
Sugar extracted from plants, 510 
Sugar manufacture, 498 
Sugar, metallic comimnds of, 624 
Sugar refining, 506 
Sugar and salt compounds, 529 
SuTphacrolein potassium sulphite, 399 
Sulphaminbarbituric acids, 308 
Sulphates of dulcitol, 491 
Sulphates of ethylene, 48 
Sulphates of propenyl, 358 
Sulphates of uric acid, 297 
Sulphetherin, 52 
Sulpho-acetic acid, 90 
.^Ipho-acids of ethylene, 53 
^Iphohydrantoin, 97 
Sulphone-acetic acid, 90 
* Sulphonacetic acid, 54 
Sulphono-succinic acid, 192 
a-Sulphopropionaldehyde, 399 
a-Sulphopropionic acid, 399 
Sulphopyromucic acid, 608 
Sulphur balsam, 479 
Sulphur compounds of allyl, 386 
Sulphur compounds of ethylene, 51 
Sulphur compounds of glycolyl, 88 
Sulphur compounds of lactyl, 141 
Sulphur compounds of propenyl, 373 
Sulphur compounds of succinyl, 191 
Superocarboxylic acid, 447 
Bylyan, 609 ^ 

Symmetrical digiethylethylene, 163 


Synthesis of monobasic acids, C„Ha„ 03 , 
15 

Synthesis of the acids of the oxalic 
series, 19 

Synthetical production of tartaric acid, 
219 


T. 

Tapioca, 656 
Tartar emetic, 226 
Tartaric anhydride, 233 
Tartaric acid, anhydrides of, 232 
Tartaric acid, 217 ; synthetical pro- 
duction of, 219 

Tartaric acid, common, or dextro- 
rotary, 221 

Tartaric acid, ethereal salts of, 230 
Tartaric acid and its salts, the reactions 
of, 229 

Tartarus horamt,us, 229 
Tartarus soluhiliSf 224 
TartaruSf 290 
Tartralic acid, 233 
Tartramic acid, 231 
Tartramidc, 231 
Tartrates, the, 223 
Tartrelic acid, 233 
Tatronyl urea, 298, 303 
Taurine, 55 

Tauro-carbonic acid, 56 
Tetrabromethylenc, 46 
Tctrabromglycide, 357 
Tetrabromstearic acid, 477 
Tetrabromthiophene, 632 
Tetracetolactose, 583 
Tetrachlordiallylamine, 388 
Tetrachlorethyleno, 42 
a-Tetrachlorglycide, 356 
^’Tetrachlor{^lycide, 357 
Teracrylic acid, 415 
Tetrad alcohol radical compounds, 
481 

Tetraethyl citrate, '437 
Tetraethylammonium dibromide, 68 
Tetrallylammonium iodide, 838 
Tetramethyl-alloxantin, 337 
Tetramethyl-allylene, 449 
Tetramethyl-ethylenc, 6, 259 
Tctramethyl-ethylene bromide, 260 
Tetra-methyl-ethylene chloride, 260 
Tetramethyl-ethylene glycol, 259 
Tetramethyl-isoallylene, 469 
Tetramethyl-murexide, 338 
Tctramylehe, 240 
Tetranitroxysaccharose, 529 
Tetraphenol, 608 
Tetrethylene alcohol, 37 
Tetrinic acid, 630 
Tetrinic acid group, 630 
Tetrol, 638, 633 
Totrolic acid, 475 
Tetrylene, 162 
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Tutrylene-dicarboxylic acid, 615 
Tiglio acid, 408, 409, 410 
Tiglicaldehyde, 410 
Theobromine, 831, 339 
Theine, 332 
Thetine compounds, 88 
Thialdine, 76, 76 
Thierschite, 113 
Thiocai'bimidacetic acid, 91 
Thiocyanacetic acid, 90 
Thiodiglycollic acid, 88 
Thiodilactic acid, 142 
Thienyl-phenyl ketone, 633 
Thio-glycollic acid, 88 
Thiolactic acid, 141 
Thionuric acid, 808 
Thiophene, 631, 633 
ThiopheniU'il, 632 
Thiorafic acidy ISO 
Thiosinamine, 394 
Thiosuccinic acid, 191 
Thioxamide, 124 
ThioxalenidC; 124 
Trehalose, 535 
Triacetin, 365, 378 
Triacetodextrosc, 544 
Triad alcohol radicals, compounds of, 
343 

Triallylamine, 387 
Triallyl cyanuramidc, 325 
Triamylcnc, 240, 285 
Tribasic acids and compounds related 
thereto, 425 
Tribrqpihydrin, 357 
Tribromlactic acid, 148 
Tribromoxalin, 103 
Tribromsuccinic acid, 214 
Tributyrin, 366 
Tricalcium sucrate, 526 
Tricarballylic acid, 428, 432 
Trichloracetal, 79 
Trichlorbutidene compounds, 166 
Trichlorbutidene glycol, 167 
Trichlorbutidene oxide, 166 
TrichlorbutyraldehyUe, 166 
Trichlorbulj^ic acid, 167 
Trichlorethane, 71 
Trichlorethidene alcohol, 78 
Trichlorethideiic chloracetin, 80 
Trichlorethidene compounds, 78 
Trichlorethidene diacetamide, 81 
Trichlorethidene diacetate, 80 
Trichlorethidene diethyl ether, 79 
Trichlorethidene ethyl acetin, 80 
Trichlorethidene ethyl ether, 78 
Trichlorethidene ethvlhydramiiie, 81 
Trichlorethidene hydracetamide, 81 
Trichlorethidene hydramino, 80 
Trichlorethidene sulphite compounds, 
80 

Trichlorethidene thiohydrin, 80 
Trichlorethidene urea, 81 
Trichlorethvlene, 42 
TrichlorhyJrin, 365 


Trichlorlactic acid, 146 ^ 
tt-Trichloroxypeiitoic acid, 250 
IVidecatylenc, 286 

Triethyldicarbopyrrolamidc, 611,- 616 
Triethylene alcohol, 37 
Triethylene diamine, 61 
Triothylene tetrainiue, 69, 61 
Triethyl malate, 203 4 

Triethylene-triamine, 68, 69, 61 
Triethyl meconate, 61 7 
Triethyl oxamide, 121 
Tiiethyl phospliosinarnine, 395 
Triethyl propenyl ether, 362 
Trigenic acid, 77 
Triglycerol, 351 
Triglycolamidic acid, 18 
Trihydrocarboxylic acid, 627* 

Tri isobutylene, 284 
Trilaurin, 367 
Trimethylene bromide, 130 
Trimethyl-bromethyl-animonium bro- 
mide, 59 

Trimetliy Icarbyl-methyl-ethylene, 27 2 
Trimethylene alcohol, 130 
Trimethylene chlorbydrin, 130, 
Trimethylene chloride, 230, 133 
Trimethylene compounds, 129 
Trimethylene diacetate, 130 
Trimethylene oxide, 11, 130 
Trimethyl ethylene, 242 
Trimethyl-glycocoll, 96 
Trimethyl - vinyl-ammonium bromide, 
59 

Trinitrin, 368 
IVi nitropropane, .375 
Triiiiroxylactose, 633 
Trimyristin, 367 
Triolein, 421 
Trioxyethylamine, 62 
Trioxyethylammonium chloride, 63 
'J'lipalmitin, 367 

Tripropenyl strontium manganite, 360 
Tristearin, 367 
Trisuccinamide, 194 
Trisulphhydrin, 373 
Triticin, 668 

Trivalerin, 866 . 

Tunicin, 693 
Tyrosine, 261 


U. 

Undecouc acid, 477 
Undecylenic acid, 418 
Unsymmetrical dimethylethylene, 163, 
164 

Uramil, 298, 307 
Urates, the, 294 

Uric acid, 290 ; preparation, 291 ; 
synthesis, 292; properties, 293; 
tests, 294 ; estimation of, 294 
Uric acid group, 29€ 

Uroxaiiic acid, 297 
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V. 

a-VALEROLACTIDE, 245 
Vqlerolactoiie, 248 
Yaleriiis, 866 
Yalerolactic acid, 138 
Yegetable mncilage, 573 
Yiq^l bromide, 46 
Yinyl cMoride, 41 
Yiny 1-ethyl, 163 
Yinyl-ethyl ether, 69 
Vinyl iodide, 47 

Yinyl-trimet^yl-ammonium hydroxide, 
66 

Yinyl-triethyl-arsoiiium hydroxide, 67 
r jYinyl - triethyl - phosphomum com* 
pounds, 66 
Yiolantin, 310 
Yioluric acid, 808 


9 \Y. 

Walnut oil, 480 

Wheaten-starch granules, 557 ; paste, 
661 

Wood gum, 672 


Wood-pulp in paper making, 691 
Wood, technical uses of, 592 ; preser- 
vation of, 593 
Woody fibre of lignin, 588 


X. 

Xanthine, 325, 339 
Xanthine hydrochlorate, 327 
Xanthine sulphate, 327 
Xeronic acid, 446 


Z. 

Zinc acrylate, 401 • 

Zinc diethyl-oxyacetate, 266 
Zinc glutarate, 251 
Zinc hydrocrylate, 151 
Zinc Isevulinate, 250 
Zinc lactate, 137 
Zinc leucate, 261 
Zinc oxycaproate, 264 
Zinc pai‘alactate, 149 


THE END. 
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